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the cover 
More and more evidence seems to confirm the 
warming of the U.S.-U.S.S.R. relationship, state 
visits by the leaders of both nations being only 
the more obvious aspects of the Cold War thaw. 
Another highly significant phase in the trend has 
been the series of rjeetings, negotiations, and 
plans that will culminate in U.S.-Soviet coopera- 
tive space missions during the remainder of this 
century, the first to be in 1975. Phillip.O. Davis 
and William G. Holder discuss that program in 
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. We don’t want to spend one dollar more on defense than we need, because we need it for 
Y domestic purposes. But let us remember ihat spending more than we need may cost us money, 
but spending less than we need could cost us our lives. Let’s put the security of America first. 


) | PRESIDENT Ricwarp M. Nixon, 1972 

f AST JANUARY the ranking member of the armed services, with much fanfare, “re-upped 

’ Or for four more.” After hearing a great deal of debate on the major national issues— 

in g the economy, Vietnam, taxes, and defense spending—the voting public re-elected 
Richard M. Nixon as Commander in Chief of the armed forces of the world’s strong- 

asia est country. 


In spite of the wide margin by which Richard Nixon was re-elected, the 
issues of the economy and the level of defense spending have not subsided, 
and they are not likely to soon. To the man on the street, the money we 
spend on defense means two things: potentially, adequate national 
. security; in fact, less money for domestic needs. To the professional 
' military man, defense expenditures mean the same as to the man 
on the street; but the difference between these two citizen 
groups is that the military professional is responsible for in- 
suring that what is labeled “potentially” becomes “in 
fact.” 

The political atmosphere in which the military 
professional pursues his responsibility will be 
one characterized by continued criticism. 

Because of this criticism, and the justifiable 
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concern of many citizens demanding increased 
expenditures for social causes, the approach 
taken to force-structure planning will have to 
be drastically revised if we are to have adequate 
security in fact. 

In this article we will first consider the views 
of some of those who feel we could do with 
significantly smaller defense budgets and the 
foreign policies to which they would commit 
this nation. Next, we will review the present 
national security strategy which provides the 
basis for force-structure planning. Then the re- 
mainder of this article will address the who, 
when, where, and how of force-structure plan- 
ning, with emphasis on the necessity for cost 
control to achieve adequate security within 
the defense budget. 


National Security Strategy: 
the Basis for Planning Force Structure 


Debate over how much is enough for the 
security of the country is not new. Until recent 
years, however, the public did not seem to 
have much real interest in this question. Now 
there is a definite shift in public attitudes to- 
ward the military in general and defense spend- 
ing in particular. 

With the change in administration in 1969, 
most of the existing management procedures 
in the Defense Department, which the new 
Secretary of Defense felt were the cause of 
much of the public criticism of the military, 
were discarded, and more efficient procedures 
were established. Nevertheless, there are those 
who believe that the public’s negative attitude 
toward the military was influenced not so much 
by the way the Defense Department operated 
as by the constant barrage of charges by nu- 
merous antimilitary opinion-makers. 

In July 1972, as a direct consequence of the 
public’s misunderstanding on defense spending, 
Robert C. Moot, Assistant Secretary of Defense 
(Comptroller), published a comprehensive dis- 
sertation on this subject. Mr. Moot argued that 
much of the rhetoric on defense spending 


emanates from ‘scholars’ who should know 
better. He said: 


In most times and in most areas of public affairs 
the academic community imposes rigorous stan- 
dards of scholarship, objectivity, and general com- 
petence. . . . Books or articles that are riddled 
with inconsistencies, unsupported generalizations, 
and clear departures from reality rarely reach the 
printer. Even when they do, the half-baked ideas 
are promptly exposed. These standards are not ap- 
plied in today’s writing on defense matters.” 


strategies and defense budgets proposed by the critics 


During the months prior to the last Presidential 
election, the size of the Defense Department 
budget became a major issue, at least as far as 
the Democratic candidate, Senator George 
McGovern, was concerned. He argued that ex- 
penditures for defense of the country should be 
trimmed to $54.8 billion by 1975, a figure about 
$30 billion less than what the administration 
was forecasting. 

Throughout the campaign there were numer- 


_ ous editorials and commentaries written on the 


McGovern defense budget, some in favor and 
some against. An example of pro-McGovern 
commentary was an article by Earl Ravenal, 
director of the Asian division in the Office of 
the Assistant Secretary of Defense (Systems Anal- 
ysis) from 1967 to 1969. Mr. Ravenal stated 
that the McGovern budget was based on three 
assumptions: 

1. The contingencies in which we would have 
to use our general purpose forces—whether in 
Europe or in Asia—are extremely unlikely. 

2. We should place more reliance on “non- 
military” instruments of foreign policy, such as 
diplomacy and trade. 

3. Our present forces are much larger than 
needed to cope with these contingencies.’ 


Mr. Ravenal quickly dismissed the first two 
assumptions as being partially valid and then 
analyzed the third assumption—that the 
McGovern program could do the job with less. 
He went on to say that cutting the defense 
budget could mean several very different things, 
such as: 
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* Eliminating inefficiency (e.g., “leaner- 
tougher” forces, simple weapons systems, etc.). 

* Reducing the “confidence factor” (i.e., 
deliberately assuming increased risk of failure of 
deterrence or defense). 

* Eliminating (or unconsciously _prej- 
udicing) actual objectives or missions, including 
defense of our allies and friends. 

- Impairing the “essence” of national 
security (i.e., our integrity and well-being as a 
society and a political system within our na- 
tional territory). 


Typical of the many writers who supported 
McGovern, Mr. Ravenal found fault with his 
method but not his conclusions. He concluded 
by saying that our general purpose forces and 
virtually all of our military assistance to allies 
and friends are costing us $50 billion a year 
and are not even intended directly for the se- 
curity of America but rather are intended for 
the security of our allies and friends. Like the 
Democratic candidate, Mr. Ravenal felt that 
this expenditure should be drastically reduced 
because it was “exposing us perpetually to the 
engagement of our resources, the sacrifices of 
our youth and the risk of our cities and our 
society.” 

Another critic of the military, Professor Sey- 
mour Melman, argued that national security 
should be viewed in terms of domestic well- 
being and that current and projected defense 
spending reflected a “militarist’” concept of 
national security; that the competition is not 
between defense and domestic needs—it is be- 
tween militarism and domestic needs. Professor 
Melman suggested that a reasonable and viable 
military security policy is one that aims at “pro- 
viding assurance against destruction from out- 
side” as opposed to one with aims “ranging 
from a capability to fight multiple wars simul- 
taneously to that for enforcing military com- 
mitments to some 47 foreign countries.” He 
proposed a total military security budget of 
$29 billion as opposed to the Defense Depart- 
ment’s proposed budget of around $80 billion. 
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Both Ravenal and Melman would cut a large 
portion of the defense budget because they feel 
that much of our military expenditures supports 
an inflated military structure which is counter- 
productive to achieving our domestic needs. 
They seem to perceive the external threat to 
this nation to be not as real as the internal 
threat, claiming that we spend too little on our 
own society. 

How much will be spent for military forces 
depends in large part on public opinion re- 
garding national pricrities and what funds Con- 
gress is willing to appropriate to various agen- 
cies. The amount that Congress appropriates 
for defense depends on what that corporate 
body feels constitutes the threat to this nation 
and the degree of military preparedness it feels 
is necessary to provide adequate security in the 
face of that threat. Finally, Congress, in ap- 
propriating defense dollars, is strongly influenced 
by how it feels the dollars have been and will 
be used. 


strategy of realistic deterrence 


In the previous section we discussed the foreign 
policies that might have prevailed had President 
Nixon not been re-elected. Since he was re- 
elected, we can assume that there will be little 
change from the policy enunciated by him in 
the past. 

In terms of foreign policy, the national secur- 
ity strategy of the current administration is re- 
flected in the Nixon Doctrine and is imple- 
mented in his Strategy of Realistic Deterrence. 
This strategy for defense is based on the three 
key elements of the Nixon Doctrine: 

First, the United States will keep all its 
treaty commitments. 

Second, we shall provide a shield if a nuclear 
power threatens the freedom of a nation whose 
survival we consider vital to our security. 

Third, in cases involving other types of ag- 
gression we shall furnish military and economic 
assistance when requested and as appropriate. 
But we shall look to the nation directly threat- 
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ened to assume the primary responsibility of 
providing the manpower for its defense.° 

In testimony to Congress on defense appro- 
priations, Secretary of Defense Melvin Laird 
stated that these national security planning 
criteria establish the basic parameters within 
which we will do our defense planning. Our 
force planning must be focused on deriving the 
most realistic mixture of forces and supporting 
assistance possible in order to cope with four 
categories of potential conflict: strategic nuclear, 
theater nuclear, theater conventional, and lesser 
conventional contingencies. 

Secretary Laird went on to say that because 
of influences either largely or wholly beyond our 
ability to control, such as a potential enemy’s 
capabilities and his likely strategy, force plan- 
ning must be based 


. not only on a definition of our objectives, 
but also on a sophisticated analysis of the nature 
and relative importance of the various impedi- 
ments and obstacles to the achievement of our 
objectives—be they economic, political, techno- 
logical, or military. 


The Force-Planning Function 


Up to this point we have established the broad 
basis for force-structure planning; we have an- 
swered the why. Now we will discuss the who, 
when, and where. 

In order to limit the scope of the discussion, 
our examination will address only tactical air 
force-structure planning, which, for brevity, we 
will refer to hereafter as “tac air force planning.” 
Likewise, we will refer to that group of staff 
officers, analysts, and decision-makers whose 
responsibility it is to develop the tac air force 
structure as “force planners.” For the purpose of 
this discussion, the force planner symbolizes 
the blue-suited Air Staff. We would be remiss, 
however, not to mention that civilians (scientists, 
analysts, and managers) also play a significant role 
in force planning. 

A detailed discussion of all the force-planning 
functions is beyond the scope of this article, since 
the Air Staff activities directly and indirectly 


involved are numerous and since much of the 
planning is based on activities conducted in the 
major commands. It is possible, however, to sum- 
marize the most important force-planning 
functions. 

The force planner, i.e., the Air Staff, develops 
force structure by two groups of actions: 

(1) Continually assessing the projected threat 
and balancing it against our projected capabilities 
to identify areas in which our forces are inade- 
quate or possess deficiencies in weapon systems; 
conducting conceptual studies and mission analysis 
of new theories and systems to determine their 
technical feasibility and military applicability; 
conducting exploratory research, together with 
industry, to extend the state of the art of tech- 
nology to provide the RDT&E basis for advanced 
operational concepts, systems, and equipment; in- 
corporating these new operational concepts of 
air warfare and by proposing, reviewing, and ap- 
proving new capabilities to counter the future 
threat; conducting studies and analysis, to deter- 
mine the most cost-effective systems or equip- 
ments among alternative proposals; and estab- 
lishing advanced and engineering development 
programs to translate these ideas into useful and 
effective prototypes. 

(2) Monitoring operational tests and evalua- 
tions of new concepts, systems, and equipment to 
determine validity and feasibility; developing 
plans and programs for incorporating new sys- 
tems and equipment into the inventory; conduct- 
ing budget exercises to establish development 
and procurement programs within the constraints 
of budget allocations; modifying programs in 
the light of higher-level decisions, the changing 
threat, technological advances, and revised bud- 
get allocations; and defending Air Force posi- 
tions during Congressional hearings on military 
authorizations and appropriations. 

Now let’s discuss the defense decision-making 
system that ties the force-planning activities of 
the services to the budgetary process. 


the PPBS: how it works 
The defense decision-making system is called 
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the Planning-Programming-Budgeting System 
(ppss).’ The pps cycle normally begins in June 
and ends in January eighteen months later. It 
consists of eight basic steps executed over this 
period of time. This means that the initial plan- 
ning steps are taken about two years before the 
fiscal year under consideration begins and about 
three years before it ends. 

The Five Year Defense Program (FypP) pro- 
vides the central focus of the system. The main 
objectives of the cycle are to update the entire 
Fypp and to calculate precisely the money re- 
quired to implement the first year of the five- 
year plan. The rypp contains the planned force 
structure for eight years and associated costs and 
manpower for five years. During the cycle, the 
level and mix of forces are carefully reviewed, 
and resource requirements are adjusted as needed. 

The following steps briefly describe the ppss: 
* Planning phase 

Step 1. The cycle begins with an evaluation of 
intelligence estimates and a review of national- 
level policy determinations such as those of the 
National Security Council (Nsc). This leads to the 
first document of the cycle, Volume I of the Joint 
Strategic Objectives Plan (jsop I), which is 
issued in May by the Joint Chiefs of Staff (jcs). 
The document contains national security objec- 
tives, military strategy, and force-planning 
guidance. 

Step 2. In October, the Secretary of Defense 
issues the Defense Policy and Planning Guidance 
(pppc) and establishes strategic-framework 
objectives for planning, programming, and 
budgeting. 

Step 3. In December, Volume II of the jsop 
(jsop II) is issued. It translates the national se- 
curity objectives and military strategy of jsop I, 
as modified by the ppprc, into objectives force 
levels required to support the strategy at a pru- 
dent level of risk. jsop II is not fiscally con- 
strained, but it is fiscally responsible and rea- 
sonably attainable. 

Step 4. In February, the Secretary of Defense 
issues the Planning and Programming Guidance 
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Memorandum (ppcGm) to the jcs and the services. 
It provides revised policy and force-planning 
guidance and assumptions and includes fiscal 
guidance and materiel support planning guidance 
for the budget year plus four program years. In 
the fiscal guidance section, the total dollar 
amounts for each program year for each service 
are relatively firm. Totals for some major mission 
categories are also firm (e.g., strategic forces, sup- 
port to other nations, intelligence, and security). 


- Programming phase 

Step 5. In May, the jcs submits the Joint 
Forces Memorandum (jrm) to the Secretary of 
Defense in response to the ppc. In the jrm the 
forces must be within the parameters of the fiscal 
guidance provided in the prem. If the fiscal guid- 
ance is less than the amount required by jsop 
II, the jrm will also contain an assessment of 
risks associated with reducing the forces to the 
constrained level. The key point is that a recom- 
mended mix of forces will be constructed by 
the jcs within a fiscal limitation that is as realistic 
as it can be made. The jrm may differ some- 
what from the service Secretaries’ programs sub- 
mitted in the Program Objective Memorandums 
(pom). (See Step 6.) 

Step 6. In May, each service Secretary submits 
a Pom to the Secretary of Defense. The purpose 
of the service pom is to define and describe the 
program which the service Secretary feels would 
do the best possible job, within the constraints 
of the fiscal guidance, of implementing the 
national security strategy defined in the pppc. 
The Office of the Secretary of Defense (osp) 
requires that the pom submission be supported 
by detailed economics analyses conducted by the 
services. 
* Budgeting phase 

Step 7. During August, the Secretary of De- 
fense issues a series of Program Decision Mem- 
orandums (ppM). These ppm’s are based on osp’s 
review of the services’ pom’s, issue papers (written 
by osp regarding major issues and alternatives 
reflected in the pom’s), and the services’ responses 
to the issue papers. 











8 AIR UNIVERSITY REVIEW 


Step 8. During August and September, work 
on the service budget submissions progresses; 
and by the first of October, the services submit 
budgets that are based on the revised pom’s. 
The rypp records, summarizes, and displays pro- 
gram decisions that have been approved by the 
Secretary of Defense as constituting the Defense 
Department’s program. The budget is reviewed 
jointly by the Assistant Secretary of Defense 
(Comptroller) and the Office of Management and 
Budget (oms), and budget decisions are made 
by the Secretary of Defense. After the budget 
review, final issues are reviewed with the Presi- 
dent, and the budget is transmitted to Congress 
in January or early February. 


who, when, and where 


A significant change from the McNamara manage- 
ment philosophy is evident in Step 6. Whereas 
in the past osp presented force analyses in the 
form of Draft Presidential Memoranda, the pom 
is a service document. It is reviewed and com- 
mented on by osp, rather than the other way 
around. 

The Pom requires the services to think sys- 
tematically about alternatives to current and 
planned programs. The services must challenge 
their own programs, design the structure of their 
analyses, perform the needed research, and pre- 
sent their case in their pom, in Development 
Concept Papers (pcr), and in other forms of 
program justification. 

Thus it is clear that there is no single branch, 
division, directorate, deputate, or special activity 
in the Air Staff that builds planned force struc- 
ture. All are involved in some manner, including 
the members of the Air Force Board Structure 
(Air Force Council, Air Staff Board, and the 
associated panels and committees). It should also 
be clear that force planning does not take place 
at some specific time during the year in some 
specific place in the Pentagon. There are, how- 
ever, very specific milestones within the ppBs 
when force-planning actions must be completed. 

If one tried to find a single document that 


tells how the projected force structure was de- 
veloped, he would come up empty-handed. He 
could go to the ysop, the pom, and the jrm for 
basic rationale; but the detailed studies, the 
budget exercises, and the decision and position 
papers leading to that rationale are numerous 
and can be found in hundreds of files in the 
various Air Staff offices. 

Thus, the who, when, and where of the force- 
planning activity is a corporate effort of the entire 
Air Staff, engaged in on a continuing basis 
throughout the Air Force headquarters. 

Now let’s turn to the how of force planning— 
tac air force planning in particular—and con- 
sider the problems that face the planner. 


Tac Air Force Planning 


The ultimate goal of the tac air force planner 
is to develop the optimum mix (in terms of 
capability and quantity) of all elements of the 
tactical air force and to do so within the confines 
of the tac air program budget. The tactical air 
force, which must be developed within the tac 
air program budget, consists of many elements, 
as well as the manpower needed to operate and 
support these elements. The major elements of 
the tac air force are 

—fighter and attack units for conducting sus- 
tained offensive and defensive air operations; 

—air-to-air and air-to-surface nonnuclear 
weapon stockpiles for use with the fighter/at- 
tack aircraft; 

—tactical air contro] systems for integrating 
the necessary command, coordination, and con- 
trol; 

—tactical air reconnaissance aircraft, sensors, 
and processing systems and equipment necessary 
to provide up-to-date tactical information; 

—tactical electronic warfare systems, equip- 
ment, and devices integrated into offensive and 
defensive tactical aircraft; and 

—tactical airlift aircraft necessary to move 
combat forces and sustaining materiel as required. 

Each year the planner tries to develop the best 
possible balance of aircraft, systems, equipment, 
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weapons, and support by specifying what amount 
of tac air dollars should be allocated to each 
element of the program for development, acquisi- 
tion, and annual operations in each of the next 
five years. At the same time the planner tries to 
continue this balance in the years when the 
current systems will have become obsolete and 
when the present state of the art of aircraft de- 
sign and weaponry will have become a thing of 
the past. 

In developing a force that will be balanced in 
both the near and far term, the planner ulti- 
mately tries to insure that the force proposed for 
each year will provide the capability to deter 
enemy aggression. If deterrence fails, the proposed 
force must provide the greatest likelihood of in- 
suring that the outcome of the conflict will be 
favorable to interests of the U.S. and its allies, 
regardless of conflict duration or theater of 
operations. 


Now that we havé considered what 
we perceive to be the tac air force planner’s 
ultimate goal, let’s examine the problems associ- 
ated with achieving this objective. 

The stated goal says that we want the best 
force that our money can buy in both the near 
and far term. Given a large enough budget, con- 
ceivably we could acquire all the necessary force 
elements for near-term deterrence or combat 
and, at the same time, continue development pro- 
grams for force modernization to insure the high- 
est future capability. However, since we are 
and probably will continue to be budget con- 
strained, the achieving of all we desire in both 
near- and far-term force is highly doubtful. 
Therefore, the planner must decide what to 
forego i» the near term in order to insure that 
our future force is equal to the projected threat, 
or conversely, what risks to take in the future in 
order to enhance the near-term force capability. 

Other problems involve considerations of the- 
ater of operations and war length. In view of the 
threat our forces must face in both Europe and 
Asia and the diverse climatic conditions found 
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in these two areas, it follows that the mix of 
aircraft and the mix of weapons best suited in 
one area are different from the best mixes for 
the other area. In Asia the potential enemy force 
is characterized primarily by large land armies 
with relatively little armor and older Soviet 
types of aircraft. The weather is relatively good 
except during the rainy seasons. In Europe, by 
contrast, the potential enemy force consists of 
large numbers of tanks, armored personnel car- 
riers, and high-performance fighter aircraft, which 
are bedded down in aircraft shelters on numerous 
air bases. Additionally, the Warsaw Pact countries 
are protected by an extensive radar network for 
early warning, target acquisition and tracking, 
and control of surface-to-air missiles (sam) and 
antiaircraft artillery (aaa). The weather in Europe 
is characterized by long periods of low ceilings. 
The kinds of aircraft and weapons needed to 
counter a European threat are obviously different 
from the kinds required in Asia. 

A further complication in force planning re- 
sults from uncertainty as to war length. In a war 
of short duration, the need to conduct deep- 
penetration strikes against targets such as airfields 
or power plants may be minimal. Therefore, 
specialized aircraft, weapons, and additional sup- 
port suited for these operations take on less 
importance. Conversely, fighters optimized for 
close-support missions, antiarmor weapons, and 
a highly effective command and control system 
become primary force elements. If a long war is 
postulated, the need for all kinds of aircraft, 
weapons, and support increases, and the ques- 
tion of force mix becomes even more complex 
because of the changing mission priorities as the 


war unfolds. 


theoretical approaches 
Let us now examine alternative methods of tac 
air force planning. In theory, there are at least 
two distinctly different approaches we can take: 
The cost-effectiveness approach. 
The superior-performance approach. 


* In the cost-effectiveness approach, we 
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would develop the performance capabilities and 
quantitative requirements for each element of 
the tactical air force by first considering the broad 
tactical threat and the dollars expected to be 
available for tac air over some extended time 
period. Then we would conduct a study, or 
series of studies, that would reveal the optimum 
number of fighters, weapons, tactical control 
radar systems, remotely piloted vehicles, etc., 
needed to maximize military capability. This 
means that we would hope to acquire the quantity 
of each element that would make the marginal 
effectiveness of all elements the same. It implies 
that we have reasonably accurate knowledge 
about when and where hostilities will occur, the 
effectiveness of the enemy’s force and the strategy 
and tactics he will use, the relative contribution 
to battle outcome attributable to friendly air and 
ground forces involved (Allies, Army, Navy, and 
Marines), and conflict intensity and length. 

Each tac air mission (close support, interdiction, 
and counter air, which includes subordinate mis- 
sions such as air defense, air base attack, etc.) 
would be examined in terms of its importance in 
the kind of war postulated. The performance re- 
quired of each tac air force element would be 
established in terms of its employment in the 
various tac air missions. For example, if the air 
defense mission were considered high in impor- 
tance, the performance of the tactical air control 
system would receive high priority. Furthermore 
if the air base attack mission were considered of 
minimal importance, the requirement for an 
effective antishelter munition would be very small 
or zero. 

The performance of each tac air element would 
be maximized for its use in each mission in which 
it would be employed, commensurate with mis- 
sion importance, for some specific unit cost per 
item. This cost would be developed during the 
initial analysis to determine quantitative require- 
ments and would be considered inviolate. (Thus 
the emphasis on “cost” in the statement of this 
approach.) 

If, after development got under way, the pro- 
gram experienced unit cost growth, additional 


money for this program would not be made 
available. Instead, the program would be 
stretched out. If the program’s initial operation- 
al capability (10c) date had to be met (perhaps 
because the program filled a gap in force capa- 
bility), either the quantity of the buy would be 
cut, or the desired performance would be re- 
laxed, or both. 


- In the superior-performance approach, 
we would insure that we have adequate quanti- 
ties of the best, technologically possible counter 
to each foreseeable threat. In this case we would 
not let cost constrain performance, although we 
might allow a program cut or slippage. By de- 
manding design performance, we would preclude 
the possibility of the enemy’s capitalizing on an 
Achilles heel; that is, we would want to deny 
him the opportunity to concentrate his forces 
where he dominates and eventually to weaken 
us where we dominate. For example, suppose that 
to maintain the unit cost of the F-15 we accept- 
ed an F-15 with degraded performance. In a war 
in Europe against the Pact, the enemy could 
proceed to attack our command and control sys- 
tem with near impunity if it turned out that his 
fighters could outperform our degraded F-15. 
This, in turn, could degrade the operations of 
our air defense force to the extent that most of 
our interceptors would have to rely heavily on 
random-search tactics. Consequently, many more 
interceptors would be required to defend friendly 
ground and air forces. With a degraded command 
and control network, we might lose our ability 
to direct close-support aircraft to lucrative tar- 
gets and perhaps even to points in our lines 
where breakthroughs are imminent. 


the complexity of tac air force planning 


It is important to point out that neither of these 
two theoretical approaches to tac air force plan- 
ning can be used to develop the optimum tac 
air force structure. In fact, we will argue that 
no purely analytical methodology can be used to 
achieve the optimum force as we have defined 
it. We assert this on the following basis: 
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* It is a cardinal rule of analysis that, in 
any cost-utility comparison of alternatives, only 
one payoff function can be maximized for a given 
cost constraint and set of assumptions. If two or 
more payoffs are examined (e.g., sizing the force 
to fight a short war in one theater or a long war 
in another theater), the best we can do is strike 
a compromise. 

* Uncertainties regarding factors such as 
length of conflict, theater of operations, and 
technological advances, plus the unquantifiables 
such as future political issues, the enemy’s tacti- 
cal or strategic plans, and our reaction to these 
plans, are difficult if not impossible to incor- 
porate in the analyses. 

Because of the complexity and dynamics of 
force-structure planning for tactical forces, both 
land and air, a great amount of subjective judg- 
ment must be injected into the decision-making 
process. This is particularly true in tac air force 
planning as opposed to strategic force planning 
because of the variety of weapon systems and 
concepts and the interactions possible in non- 
nuclear war. 

Dr. Milton Weiner of the ranp Corporation 
recently addressed this aspect of tac air planning 
in a paper on force-structure analysis.* He re- 
calls that many of the techniques of military 
analysis which developed after World War II 
were initially centered on problems and issues of 
nuclear warfare; but by the early sixties this pic- 
ture had begun to change. With the war in 
Southeast Asia, the emphasis shifted to detailed 
analyses of nonnuclear warfare. This forced the 
analyst to return to the empirical world, for 
while his prior “effectiveness” assessments were 
analytically sound, they were now obviously 
incomplete. 

As an example, the analyst might calculate the 
weapon requirements to destroy bridges and 
other targets. From these he might estimate the 
number of weapons, or sorties, or time required 
to achieve a certain campaign outcome. But the 
war in Southeast Asia indicated that the calcula- 
tions, even if they were correct in detail, were 
incomplete. A number of other factors entered 
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the real situation. Enemy defenses produced 
attrition; the relatively unimportant aaa, when 
coupled with the sam, became a significant 
factor. Bridges (and other targets) were not 
attacked by a few sorties but were supported 
by other aircraft, such as aircraft for combat air 
patrol, search and rescue, electronic warfare, 
and air refueling. With the increasingly hostile 
defense environment, effectiveness was reduced 
because of “pucker” factors, and the overall 
cost for destroying the bridge (prorated over all 
the associated mission aircraft) was up. The ana- 
lyst, therefore, found himself increasingly con- 
cerned with a host of factors other than the 
mean area of effectiveness of a 750-pound general- 
purpose bomb against a girder bridge. In short, 
the real world involved a much broader context 
than had been incorporated in many analyses. 
Dr. Weiner suggests that tactical analyses in 
the future are going to require much greater 
emphasis on the context in which the military 
action is being carried out, if the analyst is to 
produce a credible evaluation of any proposed 
change in equipment, concepts, doctrine, etc. 
His evaluations are going to be subjected more 
than ever to questions regarding the type and 
level of conflict, the types of missions, the trade- 
offs with other systems (or equipment, concepts, 
etc.), the data base, etc. For this reason, some 
context construction is going to be a significant 
part of any major tactical analysis in the future. 


the imponderables—subjective judgment needed 
Since neither cost effecviveness nor superior per- 
formance—nor any purely analytical approach— 
can be used exclusively, how does the Air Staff 
today accomplish tac air force planning? 

Tac air force planning today involves some 
aspects of both approaches, with a fair amount of 
military judgment incorporated throughout the 
process. Numerous cost-effectiveness analyses 
are performed to decide on preferred aircraft 
types, weapon types, and other systems and 
equipment, from among alternatives. But where 
operational or threat or technological uncer- 
tainty exists or reliable data are not available, sub- 
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jective judgment necessarily must be invoked. 

Working within the framework of the ppss, 
the force planner must come to grips with the 
problem of force balance. That is, he must con- 
stantly assess and reassess how much of each 
element is required to achieve the maximum 
military worth possible with the tac air dollars 
that will be available over time. What makes 
the task difficult is the need to consider 


—the force elements already in the inventory 
and committed (funded) for development and 
production; that is, the sunk costs. How long do 
these systems last, and how well will they per- 
form vis-a-vis the projected threat? 

—the nebulous criterion against which the 
effectiveness of tac air forces must be measured. 
Who is the enemy against whom we should size 
the force? How long will the war last? How 
much will our allies and the other services con- 
tribute to the outcome of any given war? Do 
we try to win the war or just keep from losing 
it? In other words, what is adequate security? 

—the dollars available for research, develop- 
ment, test, and evaluation (RDT&E), procurement, 
annual operations and maintenance (O&M), 
and manpower; and the potential “cost growth” 
of new systems. While the amount of money to 
be made available for tac air forces can be es- 
timated for the near term, it certainly cannot 
be for the far term. It is highly probable that 
the level of funds for tac air will decline rather 
than increase. At the same time, the cost of new 
systems is bound to increase, primarily for two 
reasons: (i) the increased performance require- 
ments necessary to counter the projected threat 
and (ii) inflation. Indeed, not only does the new 
system always cost more than the system it re- 
places, but the last version of a system invari- 
ably costs more than the first version. 

All these complexities and imponderables 
obviously have to be addressed in planning the 
future tac air force. For this reason sound judg- 
ment, based on knowledge of the many factors 
involved and past military experience, is a neces- 
sary ingredient in the process of developing 
future force structure. 


At this point the reader is probably disap- 
pointed in not having been told “explicitly how” 
force planning is done in the Air Staff. And we 
must admit that we have only addressed the 
theoretical aspects involved—goals, approaches, 
complexities, imponderables, and judgments. In 
the remainder of this article we will highlight 
the most important problem the force planner 
faces in the real world: cost control. Then, per- 
haps, the reader will understand why we can’t 
say explicitly how force planning is done. 


Cost Control: A Force 
Planning Reality 


In August 1971 Dr. John Foster, Director of 
Defense Research and Engineering, spoke on 
the Defense budget to the students at the In- 
dustrial College of the Armed Forces. The main 
thrust of that talk had to do with the course of 
action the President and Secretary of Defense 
have taken to carry out national policy in the 
face of political, economic, and military reali- 
ties.? To summarize some of the specific realities, 
Dr. Foster mentioned: 


* Political realities. The mood of the 
people, reflected in Congress, indicates they are 
fed up with so much involvement abroad; they 
worry about the power of the President to get 
us involved in a large war and want ways to 
curb that power; and they feel we are spending 
far too much in dollars and talent in main- 
taining our defense establishment—that this effort 
should be directed to domestic needs. 


* Economic realities. The President has 
decided that in the future no more than seven 
percent of our gross national product (cNpP) 
will go for defense; manpower costs account for 
about 52 percent of the pop budget, and the 
cost is rising about eight percent a year—twice 
as fast as the cost of buying things; and ap- 
proved pay raises continue to increase DoD 
salaries, meaning less money to buy armaments. 

* Military realities. The Soviets have 
surpassed us in strategic forces; their land forces 
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greatly outnumber ours and are much more 
heavily equipped in raw firepower; and they are 
able to develop and field new weapons much 
faster than we can. 


Dr. Foster went on to outline the course of 
action being taken. He said that pop would 
have to live with the seven percent allocation 
of the cnp, which would mean smaller forces 
and fewer military and civilian personnel. 
The Secretary of Defense, being obliged to 
choose between two force-structure alternatives 
—either a small force with current equipment or 
a smaller force with more modernization—had 
made the decision to modernize. Under this 
force-structuring philosophy, many changes have 
been and are being made in the weapons plan- 
ning and acquisition process, to insure that costs 
are kept down without loss of force effectiveness. 

In his concluding remarks, Dr. Foster stressed 
the idea that what is needed most of all is a 
de-emphasis on large, complex, sophisticated 
systems, with more emphasis on innovation and 
new concepts. 


the need for cost control 


Dr. Foster has continued to take every oppor- 
tunity to point out the cost-control dilemma to 
industry as well as the military departments of 
pop. In August 1972, speaking on the cost of 
defense systems, he stated: “. . . it is urgent that 
you understand the crunch is now. We can no 
longer continue to buy adequate quantities of 
needed weapons if the unit procurement and 
lifetime costs of those weapons continue to 
soar.” He went on to label both alternatives as 
unacceptable—either buying a very small num- 
ber of sophisticated (expensive) weapon systems 
or allowing our forces to remain equipped with 
aging, obsolescent hardware. New policies re- 
garding weapon system acquisition must be 
understood and followed, he said, and a crucial 
element of these new policies is cost control. 
He then explained that we would have to ac- 
cept “less than the best” if “the best” could 
not be procured in adequate numbers: 
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Within our fiscal constraints, what is really 
best is the right combination of individual quality 
and sufficient numbers. And so our objective is 
the “best” in this broader context and not in- 
dividually best—which is the narrower view. 


Cost control becomes crucial. Therefore “ad- 
vanced technology must be used deliberately 
to hold costs down, not to add performance at 
any price.” He emphasized that setting the 
right cost ceiling is difficult but essential, and 
making that ceiling stick is equally essential: 


The ceilings will not be met if the new policies 
are accepted only grudgingly or if people fight 
the policies. Some in government and industry 
would like to stick to their present ways—not 
design to unit cost but design “the best” on an 
individual basis and hope that the taxpayers will 
somehow keep paying. 

But let me tell you, as the Congress has told 
me: The taxpayers will not pay an open-ended 
bill. If costs per unit are high, the public—through 
the Congress—will restrict the number of units; 
and already numbers of essential systems are 
barely marginal.!° 


In subsequent briefings presented to the Air 
Staff, members of Dr. Foster’s staff have as- 
serted that there is no way to reallocate re- 
sources within foreseen budget limitations to 
match currently planned force levels with cur- 
rently planned equipment costs and at the same 
time retain technological superiority in all our 
forces. Several solutions to the dilemma have been 
proposed: 

1. Reduce planned force levels. 

2. Stress continued product improvement of 
existing types of systems to avoid costly start- 
ups of new programs. 

3. Arrest cost growth associated with con- 
tinuously expanding requirements. 

4. Adopt a “HI-LO Force Mix.” 

Proposal number 1 requires no explanation, 
and number 2 simply says that we would make 
what we have better (e.g., by adding leading- 
edge slats to the F-4E to improve maneuver- 
ability). 

As for number 3, with each new system we 
invariably increase performance characteristics, 
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such as payload, range/endurance, and accuracy, 
the better to counter the projected threat and 
increase the probability of survival of our crews 
and equipment. These increasing requirements 
represent the largest source of cost growth. 

To adopt a HI-LO Force Mix would involve 
planning a balanced force consisting of rel- 
atively few high-performance systems and large 
quantities of simple low-total-cost systems. The 
small elite force would be designed with tech- 
nologically superior capabilities to counter the 
best opposing system in the enemy’s projected 
arsenal. It would be complemented by the larg- 
er force made up of austere systems acquired in 
large quantities to be deployed against a less 
complex but numerically stronger force. 


Design-to-Cost concept 

The concept proposed by Dr. Foster to control 
cost of new defense systems is called “Design- 
to-Cost.” It requires that a unit production cost 
ceiling be established as a primary program con- 
sideration from the inception of every system- 
acquisition program. And that unit cost must be 
“affordable” in terms of the projected budget. 
In defining the unit-cost target of a weapon, 
Design-to-Cost would recognize the potential 
enemy threat, available resources, and the in- 
evitable relationship between new weapon unit. 
costs and how many of that weapon pop can 
buy. 

General John D. Ryan, usar Chief of Staff, 
in relating his views on the Design-to-Cost 
concept, stated that, more than ever, emphasis 
must be placed on cost during the consideration 
of requirements, performance, schedule, and 
cost trade-offs and that realistic decisions must 
be made. He said that this concept offers a 
partial solution to the problem of cost control 


. if it is selectively applied to those programs 
where it makes sense to do so. Selective applica- 
tions of the concept, plus the many innovative 
procedures and techniques that the Air Force has 
and is implementing, can, we think, move us 
substantially closer toward the realities of the 
projected budget constraints. (Emphasis added.) 1! 


While General Ryan agreed that cost goals 
should be established as early as possible in the 
development of new weapon systems, he stated 
that the rigidity and credibility of these goals 
depend on (i) the risk of the development to be 
undertaken, (ii) the objective of the program, 
and (iii) the threat to be countered. He said that 
these considerations are evident in two tac air 
programs now under way--the A-X and the 
lightweight fighter. 

* The A-X is a low-technical-risk system. 
Its design does not stretch the state of the art 
(subsystems are made up of on-the-shelf hard- 
ware); simple production techniques will be 
used; and the aircraft’s mission is well defined. 
Consequently, a realistic cost ceiling was estab- 
lished early in its development. 


* The objective of the advanced-devel- 
opment lightweight fighter (LwF) prototype pro- 
gram was to investigate high-technical-risk 
innovations in fighter design in order to deter- 
mine their feasibility and cost. Hopefully, on- 
the-shelf technology and techniques will be 
established that may be applied to future air- 
craft systems. To keep the contractors from de- 
signing a sophisticated $15-million aircraft, a 
“bogey” was established to serve as a cost con- 
straint against which they could design, rather 
than an inflexible unit-production-target cost. 
Before a firm unit price can be set, it will be 
necessary to establish the specific mission of the 
LwF and the environment in which it must fight. 
By setting a rigid price too early in the pro- 
gram, we could very well buy an airplane in- 
capable of carrying out the combat mission 
for which it was intended. 


On the subject of quantity versus quality, 
General Ryan said we are paying particular 
attention to the early phases of a program, when 
we set system requirements. We are trying hard 
not to overspecify—complexity leads to higher 
costs. At the same time we do not always want 
to substitute quantity for quality, which can 
happen unless we constantly keep in mind what 
the minimum capability of a system must be. 
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Regarding the HI-LO Force Mix concept, 
General Ryan had this to say: 

. the Air Force must acquire the best possible 
combination of weapons to perform its role defined 
by the national authority. The Air Force indorses 
a planned, balanced force of high performance, 
technically superior weapons to counter sophis- 
ticated enemy threats, complemented by sufficient 
quantities of relatively simple and inexpensive 
weapons to defend against a greater numerical 
threat of similar weapons. 


General Ryan went on to say the Air Force 
has recognized the advantages of a HI-LO 
Force Mix by developing the F-15 as the HI 
part of the force mix, to operate against the 
more syphisticated enemy threat such as the 
Foxbat, while at the same time developing the 
austere A-X that will allow us to buy sufficient 
quantities to deploy against less complex but 
numerically stronger forces. An example of the 
HI-LO concept would be the use of an F-15 
force to provide the air superiority required to 
operate the A-X in situations where enemy air 
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forces could impede successful close air support 
operations. 

It is important to note that the Design-to- 
Cost concept of force planning is relatively 
new, and much study is needed, both by the 
Office of the Secretary of Defense and the ser- 
vices, to make it work. Of one thing we can be 
sure: the realities of national economics argue 
strongly for this concept to be more than just 
a new cost-reduction program, soon to be for- 


~ gotten by a new Secretary of Defense. 


IN THIS ARTICLE we have addressed the who, 
when, where, and how of force planning in the 
Air Force. By combining some aspects of both 
the cost-effectiveness and the superior-per- 
formance approaches to force planning with 
reasonable cost-control methods and the proper 
amount of subjective military judgment, Air 
Force planners can, we believe, develop the Air 
Force required to counter the projected threat 
within the defense dollars that will be avail- 
able in the years ahead. 
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HEN Dr. Fletcher, Administrator of 

the National Aeronautics and Space 

Administration, made that statement 
‘in May 1972, more than two years of negotia- 
between the Soviet Union and the United 
‘States had culminated in some success. It is 
thoped by space officials of both countries that 
‘this embryonic joint mission will be only the be- 
‘ginning for more ambitious joint space tasks 
‘during the remainder of the century. Joint ex- 
'ploration of space will enable both the U.S. and 
‘the Soviets to avoid duplication of missions and 
ireduce the costs of space exploration. Such co- 
operative programs will enable both countries to 
expand their understanding of science and their 
development of new technologies. 
© The 1975 mission will receive a large part of 
| the publicity in the field of space cooperation, 
although many other important accomplish- 
iments have been made through agreements 
| between the U.S. and other countries. Com- 
ered to the technical achievements of the 
| Apollo missions, this joint orbital mission ap- 
| pears less impressive, but advancement in the 
‘technical state of the art is not one of the major 
‘goals of this mission. Just being able to carry 
/out even the meagerest of space missions with 
' another country and interface with that coun- 
| try’s hardware is a significant accomplishment. 


tions 


j international cooperation in space 
4 Toward the middle of the 1960s, the attitudes 
of the major space powers began to mellow 


"toward each other, several 


» significant agreements. 

In 1966 an agreement under the auspices of 
| the United Nations leading to the peaceful uses 
' of outer space was formulated. The treaty 
_ banned weapons of mass destruction from outer 
space and stated that space-launched objects 
' belong to the launching nation. Harmful exper- 
© iments in space were also to be prevented. 
| During 1968 an agreement on the rescue and 
| return of astronauts and space objects went 
into effect after some years of negotiation. The 


resulting in 


agreement stipulated that the authority for 
recovering and returning downed astronauts 
would lie with the country in which they came 
down. Rescue on the high seas was to be the 
responsibility of the launching country, al- 
though other countries in a position to give 
help were encouraged to do so. 

This feeling of international cooperation was 
vividly dramatized during the ill-fated Apollo 
13 mission. Many countries of the world re- 
sponded as one in offering assistance to Nasa. 
Cosmonaut Colonel Alexei Leonov of the 
U.S.S.R. stated that the Soviet Union took ev- 
ery possible action to help rescue the American 
astronauts. 

Space cooperation between the U.S. and the 
Soviet Union flourished during 1970 and 1971. 
An agreement signed in 1971 by M. V. Keldish, 
President of the Soviet Academy of Sciences, 
and George M. Low, Acting Director of Nasa, 
outlined five areas for space cooperation be- 
tween the two countries in these words: 

The expansion of cooperation between the So- 
viet Union and the United States in space research 
and exploration can speed the knowledge of the 
earth’s environment and surface features, increase 
opportunities to apply that knowledge for the 
benefit of man on Earth, contribute to the efficient 
planning of the scientific exploration of the uni- 
verse, enhance the safety of man in space and 
permit application of biomedical knowledge 
gained from manned space flight to the well-being 
of man on Earth. 


This agreement has resulted in a number of 
meetings between the two countries in many of 
the technical areas mentioned in the initial 1971 
agreement. The first U.S./U.S.S.R. meeting on 
lunar cartography took place in Washington in 
May 1972. The purposes of the meeting were 
to enable exchange of lunar maps, to discuss 
techniques for preparation of such maps, and to 
establish a common coordinate reference system. 
The two countries have also exchanged lunar 
soil samples for analysis. Both countries’ ex- 
periences in manned space missions have been 
shared in recent space biology meetings, and 
the U.S. has presented to the U.S.S.R. preflight 
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and postflight medical requirements and the 
flight crew health stabilization program for 
Apollo 16. The U.S.S.R. presentations to NASA 
have detailed the medical findings of the Soyuz/ 
Salyut mission, including the postflight autopsies 
on the crew of the ill-fated Soyuz 11 mission. 
A detailed review and evaluation of the Soyuz/ 
Salyut 23-day mission, the longest manned flight 
up to the recent Skylab mission, revealed no in- 
dication of a need to modify the Skylab space- 
craft. 

Although the negotiations with the Soviets 
have received the most publicity, nasa has about 
250 agreements for international space projects 
and has participated in over 600 cooperative 
scientific rocket soundings from all over the 
world. About 50 countries receive data daily 
from U.S. weather satellites. Nasa has also 
launched a number of foreign satellites from 
Cape Kennedy and the Western Test Range. 

Future European participation in the 1970s is 
considered a real possibility. It has been unof- 
ficially mentioned that the Soviets and U.S. 
could cooperate in deployment of shuttles and 
consider the joint construction of space stations 
or even a joint venture to the planet Mars in 
the 1980s or 1990s. 

But the space cooperation has not been re- 
stricted to that between the United States and 
other countries. The U.S.S.R. and France have 
done considerable space work together, which 
culminated in a French laser reflector being in- 
stalled aboard the Lunokhod lunar roving ve- 
hicle. The French also had scientific instrumen- 
tation aboard the Soviet Mars 3 spacecraft. 
French laboratories are participating in studies 
of samples of lunar soil returned to the earth by 
the Luna 16 spacecraft. The communication line 
between Moscow and Paris, through the Molniya 
communications satellite, created through the 
joint work of Soviet and French scientists, has 
been used for conducting a number of experi- 
ments and the transmission of other data. 

It is hoped that the 1975 U.S./U.S.S.R. mis- 
sion will be merely a start for more ambitious 
joint ventures during the late 1970s and 1980s. 


World space leaders over the past several years 
have talked privately about a universal space 
station that would exploit the near-earth en- 
vironment across the spectrum of applications, 
technology, and science. The station would have 
an international crew that would live together 
for periods of six months to two years. Such an 
ambitious undertaking would require the devel- 
opment of a management organization to insure 
that important tasks were provided for all par- 
ticipants without overwhelming domination by 
the major space powers. Along the same line of 
thinking, some segments of the Amer. an sci- 
entific community have suggested the possi- 
bility of an “International Skylab.” 


planning joint U.S./U.S.S.R. space mission 


Of the many meetings that have been held in 
the last few years between U.S. and U.S.S.R. 
officials about international cooperation in 
space, the most important one was that of Pres- 
ident Nixon and Premier Alexei Kosygin held in 
Moscow on 24 May 1972. In the words of nasa 
Administrator James Fletcher, this meeting 
“brought to fruition the most meaningful coop- 
eration in space yet achieved by our two na- 
tions.” It served as the culmination of a series 
of feasibility meetings that started on 28 Octo- 
ber 1970 and marked the official position of the 
two countries on the joint mission. It also 
marked the beginning of the serious negotia- 
tions necessary for a successful fulfillment of 
the joint mission. 

In April 1970, Dr. Thomas O. Paine, then 
nasa Administrator, contacted the Russians 
concerning a joint mission. On 11 July Soviet 
Ambassador Anatoly Dobrynin made an ap- 
pointment for his scientific counselor, Evgeniy 
Belov, with Dr. Philip Handler, president of 
the National Academy of Sciences. Belov told 
Handler that the Soviet Academy of Sciences 
was prepared to discuss common space docking 
systems. Handler then informed Dr. Paine 
about the Soviet docking overtures. On 31 July 
Paine in turn wrote to President Keldish of the 
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Soviet Academy of Sciences, basically agreeing 
that a joint docking project should be consid- 
ered. After several weeks of negotiations, an 
agreement was finally reached in October 1970 
to send five Nasa officials to Moscow for the 
first joint meeting: Dr. Robert R. Gilruth, Di- 
rector of the Manned Spacecraft Center, Hous- 
ton, Texas; Arnold W. Frutkin, Assistant Ad- 
ministrator for International Affairs; George B. 
Hardy, Chief of Program Engineering and Inte- 
gration at George C. Marshall Space Flight 
Center, Huntsville, Alabama; Caldwell C. John- 
son, Chief of Spacecraft Design Office at the 
Manned Spacecraft Center; and Glynn S. Lun- 
ney, Chief of Flight Director’s Office at the 
Houston center. At this first joint meeting on 
28 October 1970, three important agreements 
were reached: (1) to design compatible rendez- 
vous and docking systems for future manned 
spacecraft, (2) to institute a procedure by 
which the two sides could arrive at compatible 
systems, and (3) to establish three joint working 
groups (jwo). 

The three ywc’s met for the first time at the 
Manned Spacecraft Center on 21-25 June 1971. 
According to the minutes of their meetings, the 
working groups agreed that the first experiment 
“might be the docking of an Apollo spacecraft 
with a manned orbital scientific station of the 
Salyut type and a subsequent experiment might 
be the docking of a manned spacecraft of the 
Soyuz type with an orbital station of the Skylab 
type.” The working groups recognized the 
many problems facing them before their task 
would be complete. The minutes of the meet- 
ing added that “the technical feasibility of ac- 
complishing an experimental test of this type 
exists in principle and will be studied further 
by both sides.” 

The third joint meeting between the USS. 
and U.S.S.R. space officials took place 29 No- 
vember to 6 December 1971 in Moscow. The 
three working groups covered a wide range of 
topics, including mission objectives, spacecraft 
configuration, launch window constraints, com- 
patibility requirements for guidance and con- 
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trol equipment, and U.S. and U.S.S.R. docking 
systems. The jwe’s reiterated that a first joint 
mission involving the rendezvous and docking 
of an Apollo-type spacecraft and a Salyut-type 
space station appeared technically feasible and 
desirable. They established a list of milestones 
and agreed on the concept of a docking system 
adapted to the particular requirements of the 
Salyut space station and the Apollo spacecraft. 

If the two sides had continued with this plan, 
numerous design changes would have been 
required by the Soviets on their Salyut space 
station. Since it has at present only one docking 
port, an additional port would have been re- 
quired. The proposal was to remove the instru- 
ment compartment from the aft end of the Sal- 
yut and replace it with a second docking collar. 
Furthermore, this modification would have 
required the relocation of the Salyut attitude 
control thrusters and other critical equipment 
and would have necessitated removal of the 
orbit maneuvering engine. Because of these 
problems, the Soviets evidently decided against 
an Apollo-Salyut docking mission, and on 6 
April 1972 they persuaded the U.S. to abandon 
the concept. A proposal was made at that time 
to consider the docking of a Soviet Soyuz 
spacecraft with an Apollo command and ser- 
vice module (csm). This meeting also confirmed 
the desirability of the mission and set out 
agreed principles and procedures. 

Next came the historic summit meeting be- 
tween President Nixon and Premier Kosygin in 
late May 1972, resulting in the signing of an 
agreement on international cooperation in 
space. The agreement included the rendezvous 
and docking of existing U.S. and U.S.S.R. space- 
craft in 1975. 

Thus the stage was set for the fourth joint 
meeting between representatives of the two 
countries, which was held in Houston from 6 to 
18 July 1972. The three jwe’s reached 
significant conclusions that, for the first time 
since the negotiations had begun, would permit 
both sides to proceed with detailed plans and 
hardware development. The basic agreements 
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President Nixon and Premier Kosy- 
gin sign a five-year agreement of 
cooperation in science and tech- 
nology, 24 May 1972, in the Krem- 
lin. The agreement provides for 
rendezvous and docking in earth 
orbit of the two nations’ space- 
craft and sharing of space data. 
.. . Planning for the 1975 Apollo- 
Soyuz Test Project (ASTP) brought 
American and Soviet leaders to- 
gether: Konstantin D. Bushuyev, 
ASTP Director for U.SS.R.; 
Alexis _ Tatistcheff, _interpreter; 
Boris N. Petrov, Chairman, Soviet 
Intercosmos Council; and Glynn S. 
Lunney, U.S. project manager. . . . 
One of the exchange visits took 
place on 6 July 1972 when about 25 
Soviet visitors and the host group con- 
ferred at the Lyndon B. Johnson 
Manned Space Center, Houston, Texas. 





provided for the docking of a Soyuz and an 
Apollo csm sometime in the second half of 
1975, hopefully within the month of July. De- 
sign and development of an androgynous dock- 
ing system could proceed, based on agreements 
made at the meeting. Additional agreements 
reached by the three ywc’s were that the So- 
yuz would be launched first, the U.S. would 
supply the U.S.S.R. with communications and 
ranging equipment for installation on the So- 
yuz, and launch window constraints were de- 
veloped for both Apollo and Soyuz. Additional- 
ly, it was agreed that for future meetings the 
three ywo’s should be expanded to five. 

One of the practices that was initiated in 
1972 was the meeting of these separate work- 


ing groups at various times and places in be- 
tween the larger joint meetings. At the smaller 
meetings, much detail has been presented, with 
both sides getting down to the “nuts and bolts” 
of the proposed project. 

At the fifth joint meeting of the working 
groups held in Moscow in October 1972, U.S. 
astronaut Thomas Stafford and U.S.S.R. cos- 
monauts Adrian Nikolayev and Alexei Yeliseyev 
joined the negotiations. Specific items discussed 
were crew selection, crew training, on-board 
documentation, crew work/rest cycles, crew 
interaction with the flight control centers, in- 
tership radio communications, and the lan- 
guage barrier. The most significant agreement 
reached at the meeting was to begin a 
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"Models of U.S. Skylab, with command and service modules (above), and of U.S.S.R. Salyut, with 
‘Soyuz (below), simulate rendezvous and docking. Successful accomplishment of the flight by 3 
pAmericans and 2 Russians will demonstrate capability of rescuing men in distress in space. 


| 12-month test and experimental program of the 
docking apparatus. Working group number 
‘three, Docking Mechanism, wasted no time in 
'getting down to business. They met in Moscow 
‘in mid-December 1972 and carried out tests on 
=a scale model of the proposed docking mecha- 
nism. 

_ At the 1973 joint meetings of the five work- 
ing groups, discussions were held concerning 
details of the mission plan and specific hard- 
' ware interfacing. Joint training of U.S. and 
© US.S.R. potential crew members is scheduled 
5 to begin in 1973. A Russian crew is expected to 
train in the Neutral Buoyancy Simulator at 
' Marshall Space Flight Center and in an Apollo 
‘simulator during the summer, and an American 
-erew is expected to train in a Soyuz simulator 
in the fall. 


hardware for the Apollo-Soyuz Test Program (ASTP) 


‘For the joint mission, the U.S. selected the 
Apollo command and service module, and the 
Soviets selected the Soyuz spacecraft. The csm 
was designed from its inception to be the trans- 
| port vehicle to carry three astronauts from 
' earth orbit to lunar orbit and return. The service 
' module’s powerful engine was used to slow the 
spacecraft into lunar orbit and then boosted it 
_ back into a transearth trajectory. In its Apollo 
§ configuration, the csm was mated to the lunar 
' module, which during the translunar portion 
flipped around and was mated to the nose of 
the command module. This same technique 
will be employed in the U.S./U.S.S.R. mission 
with the common docking adaptor. 

But the csm will not be transitioned directly 
from its lunar application to the Soviet mission. 
Before the U.S./U.S.S.R. mission, the csm will 
be employed in a mission more like its Apol- 


lo-Soyuz Test Program application. During the 
1973 Skylab mission, three csm’s will be 
boosted into orbit as shuttle vehicles for trans- 
porting the three-man crews to and from the 
Skylab space station. The Saturn IB, which was 
used to place the Apollo 7 spacecraft into orbit, 
will be the booster for the three csm’s, all to be 
launched at Complex 39 of Cape Kennedy from 
a steel framework pedestal. 

The proven Soyuz spacecraft, which has 
been launched with cosmonauts aboard ten 
times, was selected by the Soviets for the joint 
mission. The ill-fated Soyuz 1 mission in 1967 
was the first launch of the spacecraft, which 
resulted in the death of Cosmonaut Vladimir 
Komarov during re-entry. Later in the tragic 
Soyuz 11 flight, three cosmonauts were killed 
during descent, after spending 22% days in the 
Salyut space station. In the interim, however, 
there had been many productive flights. 

The Soviets have stated that they will launch 
the Soyuz spacecraft using their standard 
launch vehicie, similar to the Vostok launch 
vehicle the Soviets displayed during the 1967 
Paris Air Show. The vehicle consists of four 
strap-on boosters around a center sustainer, all 
burning at lift-off. Midway through the sustain- 
er burn the boosters are jettisoned, and the 
sustainer continues to burn. The third stage 
then ignites to place the spacecraft into orbit. 
The vehicle provides about a million pounds of 
thrust at lift-off. 


hardware characteristics and capabilities 


The six-ton command module provides a living 
space of 210 cubic feet for three astronauts. 
The spacecraft is covered by an ablative mate- 
rial over a stainless-steel honeycomb heat shield 
and an aluminum honeycomb inner structure. 
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Apollo-Soyuz Test Project (ASTP) mission profile 


The command module has a shirt-sleeve envi- 
ronment. At 75 degrees Fahrenheit, the life 
support system supplies 100 percent oxygen at 
a cabin pressure of 5 pounds per square inch. 
Electrical power is 28-volt d.c. and 115/200- 
volt 400-cycle a.c. provided by batteries and fuel 
cells. 

Integral with the command module is the 
service module. Housed in the stage is the main 
propulsion system, which generates about 
21,900 pounds of thrust, and the propellant 
tanks and systems supporting the command 
module and crew. These include the electrical 
system, reaction control systems, and part of 
the environmental control systems. The service 
module stands 22 feet high, including the en- 
gine nozzle extension. The service module has a 
launch weight of about 55,000 pounds, and its 
propulsion system is used for final orbit inser- 
tion. 

The Saturn IB launch vehicle is a two-stage 
vehicle consisting of the clustered S-IB first stage 
and the S-IVB second stage. Its 1.6 million 


pounds of thrust comes from eight H-1 engines. 
The S-IVB second stage is powered by a 
205,000-pound-thrust J-2 engine, which em- 
ploys liquid oxygen and liquid hydrogen as 
propellants. The vehicle has the capability of 
placing 17 tons into low earth orbit. 

The Soyuz spacecraft has been used for a 
variety of manned and unmanned long-duration 
missions. This spacecraft weighs about 14,500 
pounds and consists of three basic compart- 
ments: the instrument module, the orbital 
module, and the descent module. The com- 
mand module, located in the middle of the 
three compartments, is the crew compartment 
during launch, descent, and landing. Located 
forward of the command module and con- 
nected by a tunnel is the spherical orbital 
module, which is the location for crew work 
and rest. It also has been used as an airlock for 
extravehicular activities. The two habitable 
compartments provide a living volume of 320 
cubic feet. The instrument compartment, 


which is unpressurized, contains the various 
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subsystems required for power, communication, 
propulsion, and other functions. 

Although the Soyuz in the past has carried 
three cosmonauts, for the joint mission only 
two will be aboard. It has an overall length of 
26 feet and a diameter of 7.5 feet. The cabin 
atmosphere is 14.7 psi, with a nitrogen and 
oxygen atmosphere. 


the docking system 


A docking system will be carried into orbit by 
the American spacecraft and will establish a 
rigid link between the two spacecraft. The 
adaptor will be built by Rockwell Interna- 
tional. In November 1972 Nasa signed a $64 
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million cost-plus-fixed-fee contract for the dock- 
ing system. 

The design calls for interface components to 
be identical for the mating units that will be 
constructed by each country. There will, how- 
ever, be slight differences in subsystem design. 

The operation of the docking system will 
have the U.S. crew extend the guide ring on its 
system and then move it into the Soyuz, mesh- 
ing with three triangular-shaped guide rings. 
This action will engage three capture latches 
with body latches on the perimeter of the So- 
yuz structural ring. Acting as shock absorbers, 
the attenuators ensure that the capture latches 
can contact the body latches regardless of any 
vehicle misalignment during docking. Align- 


Officials of NASA and Rockwell International’s Space Division inspect a full-scale mockup of 
the docking module designed to link Apollo and Soyuz and serve as an airlock for crewmen 
during in-flight transfers between the two craft, which will have different atmospheres. 
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ment of the structural latches is assured by a 
tapered socket and pin in the Apollo docking 
module structural ring. Redundancy is provided 
with dual latches for capture and structural 
latching. 


ASTP mission plan 


At the present time Nasa and Soviet space 
officials are planning for the astp to be carried 
out in July of 1975. The Soviet Soyuz space- 
craft will be launched first from Baikonur, car- 
rying two cosmonauts into a 51.6-degree in- 
clined orbit, and will have an orbital lifetime of 
about seven days. A second Soyuz will be pre- 
pared for launch in case the first Soyuz experi- 


in the Apollo moon missions. .. . 


ences a failure or the Apollo is delayed beyond 
the Soyuz orbital lifetime. Apollo launch win- 
dows are scheduled for 7.5, 31, and 54.5 hours 
after the Soyuz launch. The Apollo, which 
must fly a dogleg maneuver to reach the 
51.6-degree inclination of the Soyuz, will carry 
three astronauts into orbit. 

The Apollo spacecraft will carry additional 
reaction control system (rcs) propellants to 
give it sustained maneuvering capability during 
rendezvous and docking and to provide attitude 
control during the docked portion of the flight. 
For the first launch window, Apollo-to-Soyuz 
docking will occur on the Apollo’s fourteenth 
revolution over Spain. 

Following a successful rendezvous and dock- 


The common docking adaptor will be ‘‘pulled out” in the same way the lunar module has been separated © 
An artist's concept of Apollo and Soyuz just before docking” 








ing, 

activ 
in th 
Deta 
agree 
flight 
crew 
Apol 
of th 
while 
fer v 
modu 
ered 
of 14 
Apol 
pure- 





7 





ing, with the Apollo spacecraft serving as the 
active vehicle, the two spacecraft will remain 
in the docked configuration for about 48 hours. 
Detailed time lines will be prepared and 
agreed to by both sides as regards the docked 
flight plan. The next day after docking, the 
crew transfer will commence. Two of the 


Apollo crew will visit the Soyuz craft and one 
of the Soyuz crew will visit the Apollo craft 
while the two vehicles are docked. Crew trans- 
fer will be achieved by use of the docking 
module. The Soyuz cabin pressure will be low- 
ered from its normal atmosphere environment 
of 14.7 psi to 10 psi for the transfer, while the 
Apollo cabin pressure will remain at its 5-psi 
pure-oxygen level for the transfer. These pres- 
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sures will permit the Soviet crew member to 
spend a minimum amount of time (25 minutes) 
in the docking module, where he will be pre- 
breathing pure oxygen. Once the respective 
crew members have transferred to each other’s 
spacecraft, the astp mission plan calls for a se- 
ries of joint experiments and tests to be carried 
out. It is likely that joint photographic, spec- 
trographic, and earth resources-related experi- 
ments will be included in the plan. 

After the crew members return to their re- 
spective spacecraft, the two vehicles will sep- 
arate, and each one will continue to orbit for a 
definite period of time (currently still unde- 
cided). The Apollo crew will probably perform 
extensive earth resource sensing experiments 








28 AIR UNIVERSITY REVIEW 


during their time remaining in orbit. The cur- 
rent astp plan alls for the crews to return to 
earth in their own spacecraft; however, both 
sides have agreed to permit crew members to 
return in the other’s spacecraft in the event of 
emergency. 


hi eet 
7 Ce 


It goes without saying that when the space- 
craft of two different countries rendezvous in 
space, many technical and hardware problems 
must be and undoubtedly can be solved. But 
more problems may emerge in the unpredicta- 
ble flesh-and-blood objects in the spacecraft. 


Astronaut Russell Schweickart (left) and Cosmonaut Vitali Sevastyanov prepare to undergo weightless- 
ness in the Neutral Buoyancy Simulator at Marshall Space Flight Center, Huntsville, Alabama. Sevas- 
tyanov, flight engineer on the eighteen-day Soyuz 9 mission, and a crewmate. Major General An- 
drian Nizolayev, included Huntsville on their ten-day goodwill tour of the United States in 1970. 
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In future joint missions, what will be the 
effect of international crews in orbit for many 
months? Of course there is no data base yet 
available to evaluate such a situation. The So- 
viets, however, have been evaluating the trans- 
oceanic expedition of an international crew on 
board a primitive boat, and several observa- 
tions could be applicable to the astp situation: 
National peculiarities and language difficulties 
both had complicated effects on the group. The 
language difficulties appeared to present one of 
the dominant problems during the initial 
phases of the journey. (A number of Nasa as- 
tronauts took courses in Russian in anticipation 
of the 1975 mission.) The ocean test also 
showed that psychological factors became more 
and more pronounced as the trip progressed. 

During January of 1973 the U.S. crew for the 
ASTP was selected. The crew will consist of 
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usaF General Thomas Stafford, a veteran of the 
Gemini and Apollo programs; Donald (“Deke’’) 
Slayton, one of the original Mercury astronauts, 
who just recently requalified for flight status; 
and rookie Vance Brand. 

The U.S.S.R. crew will consist of Alexei Leo- 
nov and Valeri Kubasov. Leonov performed the 
world’s first extravehicular activity (EvA) on 
Voskhod 2 in 1965. Kubasov flew as flight engi- 
neer aboard Soyuz 6 in 1969. 

The significance of the astp in future years 
remains to be seen. But on the surface it would 
appear to represent a significant step forward 
in international space cooperation. In the 
words of Major General Vladimir Shatalov, a 
veteran of three space flights, the astp is “a 
small step on the big ladder towards mastering 
the universe.” 

Foreign Technology Division, AFSC 
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S NE of the great challenges of the 1970s 
cS is the systematic application of advanced 

, technologies to the civil sector. To date, much 
SS of this country’s technology transfer has been a 
kind of “random harvest” of the technological 
revolution of the past 25 years, a revolution 
sparked by priority defense and other govern- 
ULTz ment programs. We are still, for the most part, 
accomplishing technology transfer in a patch- 
work, hit-or-miss fashion that does not get at the 
real root of our problems or mobilize the full 
power of the new technology to solve them. To 
use a timely automotive simile, we are patching 
on progressively more emission-control equip- 
ment when we should be designing a wholly 
new engine that is, by its basic nature, pollution- 
_ free. 
| It is past time now for a broad-based, consis- 
| tent, systematic drive to translate our rich store 
_ of technology to civil applications. 














_ defense needs, spin-off, systems applications 
| In this article I shall discuss the nation’s urgent 
_ defense needs today, which are a major spur to 
' continuing technological progress; spin-off, past 
' and present, which has proved the dual benefits 
the country receives from investment in gov- 
' ernment research; and the systems applications 
| of that technology, which pose a particular 
' challenge and opportunity for those concerned 
| with developing significant civil applications of 
' our mid-twentieth century technological revo- 
| lution. 
The primary objective of military research 
| and development is to insure that we maintain 
' a competitive edge of weapon superiority over 
any potential enemy. It is this edge that gives 
us genuine deterrent power—or, failing deter- 
| tence, the strength to win any conflict thrust 
| upon us. Regardless of our hopes for the results 
= of long-term negotiations, we must be prepared 
_ to counter any threat against us now or in the 
future. The maintenance of our strength is, in 
itself, our best. assurance of fruitful and equita- 
ble results at the conference table. 

























Many of the most promising new technolo- 
gies are the result of military nap undertaken 
solely for this defense objective. They are prod- 
ucts of a time when this vital role of military 
R&D to the national security was generally 
understood, accepted, and supported by the 
American people. 

As noted recently, however, by General 
George S. Brown, then Commander of the Air 
Force Systems Command: 


Today we have a different situation. Our nation- 
al security needs are not so generally accepted. 
There are competing demands for very large sums 
of public money—for health, for transportation, for 
education, for the poor, for the elderly, for the 
deteriorating environment, as well as defense. 
And all are magnified by the rising cost of every- 
thing—including personnel and weapon systems. 


threat of Soviet RUD 


Under these circumstances we have a genuine 
problem in insuring that today’s military rep 
accomplishes its primary objective, superior 
deterrent defenses for the long haul. 

The Soviet Union has very rapidly caught up 
with the United States in the quality and quan- 
tity of many strategic and general purpose 
weapons. The Soviet: swing-wing supersonic 
bomber, the Backfire, is in test flight now, and 
numerous new tactical aircraft designs are 
in-being. First-line Soviet 1cam’s, SS-9s, SS-11s, 
and SS-13s, have already been modified to im- 
prove their effectiveness, and the Soviet force 
includes some 1600 1cBm launchers, compared 
to the U.S. force of 1000. 

Numbers alone do not adequately indicate 
the magnitude of the threat. Some 300 of the 
Soviet missiles are SS-9s capable of carrying a 
warhead of up to 25 megatons. The SS-9’s size 
and payload capability also make it available to 
deliver the Soviet Fractional Orbital Bombard- 
ment System (Foss) or a depressed-trajectory 
1cBM. The Soviet Union is also now testing 
multiple warheads on its intercontinental ballis- 
tic missiles. Further, they are steadily develop- 





31 





A ——— 


























32 AIR UNIVERSITY REVIEW 





ing and building other strategic offensive and 
defensive systems. These include the Yankee- 
class missile-firing nuclear submarine, being 
turned out at a rate that indicates the U.S.S.R. 
could surpass our Polaris/Poseidon fleet within 
a few years; the Galosh antiballistic missile sys- 
tem; and an unprecedentedly large and mod- 
ern “blue water” navy. 

In the spring of 1972 Defense Secretary Mel- 
vin R. Laird told newsmen: 

We have superiority today because of our tech- 
nology. . . . Given their technological capabilities, 
I'm sure they can match our technology within 
two or three years. That is why it is absolutely 
essential that we maintain technological superiority 
over the Soviet Union, and why I put such a high 
priority on our research and development budgets 
for the Army, Navy and Air Force. 

Russia's present military strength has grown 
out of the great Soviet drive in research and 
development over the past decade. The Soviets 
are continuing to maintain their momentum, 
while we in recent years have been increasing 
our effort barely enough to offset the effects of 
inflation. The Soviet technological work force 
has increased almost 340 percent in two dec- 
ades. Our own, especially in the last five years, 
has been trending in the opposite direction. 
Indicative of the same comparative trend is 
R&D budgeting of the past 15 years. In fiscal 
year 1955 the U.S.S.R. spent about $2 billion 
on military and space research, development, 
and test. The U.S. spent $3 billion. By 1968 
Soviet and U.S. expenditures were on a par, at 
about $13.4 billion. From that point forward 
the Russians have continued to increase their 
R&D spending at a rate of about 1 billion 
equivalent dollars each year, while U.S. outlays 
in the same area have either leveled off or de- 
creased. 

Present emphasis in the military establish- 
ment is a realistic one of concentrating with 
new intensity on improved management of R&D 
to wring maximum benefits from available re- 


sources. 
But we must also urge a realistic acknowl- 
edgment that there is a direct, inescapable 
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designed and built in the United States. One 
‘out of every four of these American-built jet 
witliners traces its lineage directly to a single 
military bomber program. 

| The four-engine transport planes tempered 
land proved in military service during World 
War Ii grew into a series of new commercial 
lgirliners that expanded domestic and world- 
Wide passenger services and created global 
ets for U.S. commercial aircraft in the post- 
fwar period. The military also set the pace for 
‘the postwar change to jet aircraft. Boeing’s 707 


series of commercial transports, for instance, 


drew heavily on the company’s experience with 
the B-47 and B-52 bomber programs. 

The long and impressive list of major techno- 
logical advances in civil aviation made under 
the aegis of government rep over the years 
includes the radial air-cooled engine, retracta- 
ble landing gear, supercharging, deicing, two- 
way radio communication, controllable-pitch 
propellers, cabin pressurization, turbojet, instru- 
ment landing system, sweptback and delta wings, 
Doppler navigation radar, airborne digital com- 
puters, and digital flight simulators. The FF 
(identification, friend or foe) electronic equip- 
ment developed by the Air Force to identify 
aircraft from the ground in combat situations 
is being used by air traffic control installations 
to spot specific aircraft in commercial air lanes 
quickly. Transfers of technology in the fields of 
materials, avionics, transport equipment and 
techniques, etc., are also legion. 

In summary, the rapcap study concluded 
that about 90 percent of the most significant 
technological advances in U.S. aviation be- 
tween 1925 and 1972 were the result of govern- 
ment-sponsored research and development; 70 
percent of these advances came from programs 
funded by the military, which also pioneered 
operation of about 75 percent of them. 

The rapcap study also came to some less 
cheerful conclusions pertinent to our present 
concern Over R&D support: 


The significance of the long-term trends is that 
unit prices and development costs of civil trans- 





port aircraft are rising faster than the Gross Na- 
tional Product. And funds for aeronautical research 
and development are rising slower than the cnp. 
There can only be two results of these disturbing 
trends; major new aircraft programs either will de- 
crease in number or will change in nature. 

. . . The current absence of a firm military 
requirement for a new long-haul transport could 
have a significant impact on the technology’and 
development base that historically has existed for 
civil airliner development. 

In short, the forecast is for possible drought, if 
government sources long relied on for transfer 
of technology to civil aviation continue to de- 
cline. 


technology transfer from space program 


Equally impressive is the spin-off from another 
area of major military and government research 
and development in the last twenty years, the 
missile and space program. There is a seem- 
ingly endless list of technology transfers from 
the space program to the fields of bioscience, 
health, and safety, including 

—equipment for remote monitoring of heart 
patients 

—a wheelchair for paraplegics operated by 
eye movements alone 

—derivatives of missile fuels used in the 
treatment of tuberculosis and mental ills 

—ultrahigh-speed dental drills 

—supersensitive sensors used in early detec- 
tion of disease 

—artificial valves for damaged hearts 

—an electronic-beam microprobe for ad- 
vanced biological tissue examination 

—lasers for delicate eye surgery 

—infrared measurement for early detection of 
cancers 

—computer techniques developed for im- 
proving planetary photography, to enhance the 
clarity of clinical X rays 

—a vibrationless table for electrocardiograms. 

Space spin-off has also poured a flood of new 
materials, techniques, and products into our 
free enterprise system to increase the produc- 
tivity of industry and create new jobs for the 
new millions of our expanding population. To 
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name a few from the multitude of examples 

—an electromagnetic hammer that makes 
metals flow like soft plastic 

—new materials: super alloys, foam insula- 
tion, thermal-control coating, polymer resin 
adhesives offering a host of new properties for 
stronger, lighter-weight auto and truck bodies, 
artificial limbs, bridges, housing construction, 
even dental fillings and plates 

—revolutionary printing techniques and tools 

—new tools for measuring the thickness of 
steel in the mills, stripping coaxial cables, de- 
tecting gas leaks in small boats, testing the den- 
sity and composition of smog, determining 
stress factors in buildings and other large struc- 
tures 

—fire- and flame-resistant coatings, fabrics, 
electrical insulation for greater safety in home, 
industry, and travel. 

Add to the spin-off list also the many devel- 


opraents in computer technology, among them 
a greatly increased capability of simulation that 
makes possible evaluation of large system de- 
signs in the fields of transportation, communi- 
cations, military command and control, and 
medicine. The spin-off from government devel- 
opments in computer technology is probably 
one of the most massive dividends ever realized 
from an R&D investment. It was recently esti- 
mated that every dollar invested in electronics 
so far has brought in $8 in added profits just on 
such sophisticated equipment as advanced-de- 
sign data-processing systems. 

These examples of spin-off are only a token 
summary, a scratching of the surface of the 
technological dividends realized to date from 
military and other government research. 


most challenging spin-off: systems engineering 


Of all the rich harvest, however, one type of 


Military, government, and industrial technology 
for missile and space programs have contributed 
—fire-retardant fabrics for greater safety (left) 
—foam and paint (above) that resist 1800°F flames 
—a wheelchair operated by eye movements alone 
—equipment for remote monitoring of the heart. 
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spin-off appears to pose the greatest challenge 
and offer the greatest opportunity for transla- 
tion to civil applications. That spin-off is sys- 
tems engineering, the precisely orchestrated 
and time-phased management of the new tech- 
nologies in outsize programs to achieve major 
goals, new step functions in our capabilities. It 
has been called the tool that enables us to “in- 
vent on demand.” This type of effort has been 
a unique contribution of military and govern- 
ment R&D in the last two decades, Outstanding 
examples are the priority development of the 
intercontinental ballistic missile and the Apollo 
program, with its firm goal of putting men on 
the moon within a single decade and bringing 
them home safely. 

Much of our application of technology 
spin-off so far has been a matter of picking up 
the fruit that fell at our feet. But in systems 
engineering we now possess the management 
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of transfers from space programs 
to betterment of life in general are 
—infrared sensors that spotlight 
contamination is: inland waters 
—a 5000° torch that can free a 
victim from an accident wreckage 
—a wireless sensor that warns 
if the warmth of breathing ceases. 
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systems and techniques to go after predeter- 
mined goals, to shoot at a definite target. 

We have achieved step increases in our ca- 
pabilities anyway, of course. Many of them 
have taken place within the life-span of most 
who will read this article. In the past fifty or 
sixty years we have seen the evolution of radio 
from the crystal set built in an oatmeal box to 
the highly sophisticated, transistorized sets of 
today. We have seen the automobile alter the 
patterns of both American production and 
American living. We have seen the airplane 
shrink the world and television bring it, in the 
very colors of life, into our homes. We have 
seen the communications revolution wrought 
by man-made satellites and electronic data 
processing. 


past step advances random, often surprising 


Yet, until the last few decades those advances 
have been random. Even when the men who 


| brought them about had a directed vision and a 
| goal that drove them, too often they were not 
' generally shared, understood, or supported to 


the point of practical application. The airplane 
at one time seemed destined to remain only a 
stunt attraction for county fairs. It took 112 
years after the principles of photography were 
discovered before they were practically ap- 
plied. The telephone was 56 years in moving 
from idea to application; radio, 35 years. 

Even some of the comparable step advances 


» that have come to us as dividends of 
| post-World War II military and government 
' research have come with a certain element of 
' surprise—as if we were catching the comet by 


the tail, rather than directing its trajectory. For 
instance, very few of those even in the thick of 
the space program fully foresaw in our earliest 


experimental space satellites the scope and the 


speed of the revolution they would create in 
communications, weather forecasting, naviga- 
tion, defense early warning, command and con- 
trol, natural resources survey and conservation, 
and all the offshoots of these major functions. 

I don’t think many of us back then, listening to 
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the first ComSat orbiting with President Eisen- 
hower’s Christmas message to the world, would 
have bet much money that fifteen years later 

—we would be well into the second genera- 
tion of defense satellite communications sys- 
tems for the United States, the United King- 
dom, and NATO; 

—that we would be navigating ships through 
the polar ice pack by satellite; 

—that we would have eyes in space capable 
of “seeing” by microwave sensors through the 
cloud cover and mapping even the cloud- 
shrouded arctic and antarctic regions; 

—that we would have a busy little slab-eared 
Earth Resources Technology Satellite (ERTs) up 
there inventorying U.S. timber resources, analyz- 
ing the haze over Los Angeles, studying ice- 
bergs in the antarctic, detecting locust breeding 
sites in Saudi Arabia, and studying monsoons in 
Japan, among its many duties. 

There’s an old toast that says, “May the most 
you wish for be the least you get.” It has been 
true of our space-age spin-off. The application 
of systems engineering to the many well-de- 
fined problems of our society is probably the 
biggest challenge today in making the most of 
our new technologies. It is already being done 
on a growing scale by state and municipal agen- 
cies seeking solutions to their problems. 

One thing we do have to realize is that by 
merely calling a simplistic surface treatment a 
“system analysis” or “systems engineering ap- 
proach” does not necessarily make it that. A 
so-called report was published recently on “sys- 
tems study” to help one of our law enforce- 
ment agencies on the East Coast. After the 
expenditure of a good deal of time—and energy 
presumably—the study concluded that the law 
enforcement agency needed new radios, more 
channels, and an antenna on the hill, so that 
cars on both sides of the hill could talk to each 
other. We used to call that kind of analysis 
“common sense.” We should not begin confus- 
ing it with systems engineering now. 


challenge not only to engineers 


Putting it all together in genuinely new, 
Continued on page 41 
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Personal rapid transit (PRT), to 
help solve the automobile conges- 
tion that is strangling the cities, 
has been studied for several years. 
Computer simulations and operation 
of a 1/10-scale model have demon- 
strated the. technical feasibility 
of one proposal, depicted above (by 
photomontage) as the system might 
look at a Los Angeles intersec- 
tion. ... U.S. Department of 
Transportation has developed a com- 
puterized PRT system that is help- 
ing solve a tough transportation 
problem at West Virginia University. 





A passenger boat being designed for com- 
muter or tourist traffic will have water- 
jet propulsion and underwater hydrofoils 
to keep it above water and waves. While 
the concept is not new, it uses technology 
so advanced us to make it a new de- 
velopment. . . . A 30-ton deep-keel buoy 
now reports, from the Gulf of Mexico, 
wind speed and direction, water tem- 
perature, rainfall, ocean current speed and 
direction, and wave height to the National 
Oceanic and Atmospheric Administration. 








The Earth Resources Technology 
Satellite collects data concem- 
ing earth’s natural resources. . . . 
The NATO communications satellite 
NATO-I, built for Space and Mis- 
sile Systems Organization (SAMSO), 
directs its antenna toward earth, 
22,000 miles below. The earth 
part of this photo composite was 
taken by an Apollo astronaut. 











root-deep concepts is a challenge not to engi- 
neers and technologists alone. It applies with 
equal urgency to politicians and public admin- 
istrators at both national and local levels. A 
number of these leaders are showing a most 
heartening interest in optimum utilization of 
the new technology. It is an inescapable fact of 
life that a genuinely successful systems effort in 
many of our most pressing problem areas 
today—transportation, pollution control, law 
enforcement, and others—depends upon an 
unprecedented degree of civic cooperation. I 
once asked someone in the Pentagon why a fast 
through train between the Pentagon and Dulles 
Airport could not be set up to handle the heavy 
traffic between the two. The answer was, “Be- 
cause it would have to go through 28 separate 
jurisdictions.” In such areas as pollution control 
and law enforcement, including policing of the 
drug traffic, there are not only local and na- 
tional but also international relationships to be 
considered. 

Also, we must not underesfimate the prob- 
lem of human resistance to change and our re- 
sponsibility to foresee and make compassionate 
provision for the human dislocations that major 
Change can cause, even when it is for the 
greater good of the greatest number. The in- 
troduction of electricity put a lot of lamplight- 
ers out of work, and all kinds of people faced a 
Tough time economically when the automobile 
began to replace the horse. 

In a number of ways the actual engineering 
‘and technical applications of the new tech- 
‘ology are the simplest aspect of the total 
‘effort required to transfer it to the civil sector. 


promising beginnings 


“The rewards for success in accomplishing that 
“‘Wansfer—rewards in the economy and in the 
Whole life quality of tomorrow—can be enor- 
‘mous. Already a number of promising ap- 
‘proaches are being made, largely by members 
‘of industry traditionally associated with defense 
‘and other government work. In transportation, 
for instance, interesting developments are un- 
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der way, especially in the areas of personal 
rapid transit, short-haul air and rail transporta- 
tion, and pollution-free vehicles. A number of 
personal transportation systems are now under 
experimental development, and one picneer 
aerospace company is working on a_ pollu- 
tion-free, “wind-up” bus that will operate by 
using the power of an advanced flywheel. 

There are still worlds enough left to conquer, 
however. There is that number one question of 
the smog-free automobile engine. And there is 
the whole “Gordian knot” of traffic control. In 
the past twenty years jet aircraft have cut 
travel time across the country by a factor of 
four. Yet it is not uncommon for people who 
have flown from Los Angeles to Dulles or Ken- 
nedy in four and a half hours to have to spend 
half again that much time getting from the air- 
port into the city. And anyone who daily fights 
rush-hour traffic in an urban area is all too fa- 
miliar with the problem awaiting solution 
there. So we have more than enough problems 
at hand for systems engineering to get its teeth 
into the transportation field. 

In communications, great progress has al- 
ready been made, but the whole field of digital 
communication in systems application can 
profit from what’s been done in the space and 
missile business. In developing digital commu- 
nication to boosters that just don’t have ears 
and must be addressed with the speed of elec- 
trons in the digital mode, we have created a 
tool with great possibilities for other applica- 
tions. 

For our growing problems of pollution and 
waste disposal, there is also much hope in the 
new technology. Our earlier satellites have 
pointed the way to an entirely new capability 
for the detection of waste and abuse of re- 
sources. The Earth Resources Technology Satel- 
lite refines and greatly extends that capability. 
With every one of the 150,000 pictures it takes 
each week available to the public for $1.25 
each, it may also do an unprecedented job of 
education concerning the extent of pollution, 
worldwide, and its effect on man’s total envi- 
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ronment. This is also a prime area for the ap- 
plication of systems engineering. One long-term 
defense contractor (Boeing) has engineered the 
dual problems of arid wasteland and urban 
waste disposal at a now-fertile oasis in Oregon. 

Opportunities in the area of health care, 
education, and law enforcement are also legion 
and only await the vision and the will to make 
them realities. The educative potential of the 
communications satellites, for example, is 
boundless. Not too long ago a satellite was 
launched to stationary orbit over the subconti- 
nent of India to broadcast educational pro- 
grams to even the remotest villages, where 
power to run the receivers may have to be 
generated by men pumping bicycles. Our own 
Department of Health, Education and Welfare 
has a plan to use satellite communications to 
provide better education for the children of 
migrant farm workers. Schools serving different 
migrant farm labor areas would use the same 
televised curriculum, so that, regardless of 
where the children moved, they could pick up 
their schoolwork where they had left it in a 
previous location. 

New capabilities for data storage, retrieval, 
and processing are among the many technologi- 
cal advances with great potential for our health 
and law enforcement needs. Computers are fast 
becoming as much a part of the hospital atmo- 
sphere as thermometers—which, incidentally, 
have also been remodeled by the new tech- 
nology. Possibilities are even being studied for 
the use of miniature computers to replace dam- 
aged neurological circuits in the body and re- 
store control of limbs, etc. The pervasive influ- 
ence of the computers is everywhere about us. 

At my own headquarters in Los Angeles, I 
noted recently that the computers have revolu- 
tionized the whole process of fingerprint 


_ identification. Our security people can now 


check out prints with Washington in a matter 
of minutes, a process that used to take days and 
even weeks. Imagine what this new capability 
alone must mean to law enforcement agencies 
across the country. 


two major challenges 


One cannot doubt for a moment that, predi- 
cated on our whole past experience in the 
translation of swords into plowshares, present 
opportunities for progress through transfer of 
technology to the civil sector are almost limit- 
less. We face two principal challenges in work- 
ing to realize the full scope of the possibilities 
now within our grasp. And I think we are now 
in a critical period that may well determine 
whether we insure the continuing optimum 
momentum of this technological revolution that 
has brought us such a rich harvest or permit 
the momentum to falter, with the inevitable 
eventual decline in our powers for peace, prog- 
ress, and prosperity. 


* Our first challenge is the necessity 
for maintaining levels of military and other 
governmental research and development ade- 
quate for both credible deterrent defenses and 
the continual augmentation and update of the 
spin-off to the civil sector derived from that 
research and developmerit. This must be ac- 
complished in the face of a fairly widespread 
“antitechnology” temper on the part of the 
public. We must acknowledge the existence of 
an attitude of indifference, in some cases frus- 
tration, disillusionment, even resentment of the 
alleged depersonalizing aspect of our tech- 
nology-oriented society. 

If we opt for the high road of maintaining 
truly effective levels of government rap in 
today’s climate,.then we must be realistic in 
our budget expectations. We must be prepared 
to make an extraordinary management effort to 
get maximum return from the resources made 
available to us. The Department of Defense has 
been increasingly engaged in such an effort for 
the past several years. Our industrial partners 
also must intensify their efforts to realize the 
fullest possible value from their own rep dol- 
lars. 

And we must at the same time somehow do 
a better job of making it clear to our fellow citi- 
zens that technology is not a bogeyman domi- 














nating a faceless society. We must make it 
clear that, properly nurtured and directed, 
technology is a tremendous power source for 
good that can serve us with almost endless solu- 
tions to our human problems and needs. 


* Our second major challenge, as I see 
it, is the systematic, organized application of 
the new technology to the specific problems 
and goals of our society. We must use our sys- 
tems engineering experience, techniques, and 
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tools to mobilize the technological advances in 
many fields and mount them in concentrated, 
precisely planned and executed attacks on the 
objectives. We must stop letting this technolog- 
ical revolution and the transition from swords 
to plowshares just happen to us and start caus- 
ing it to happen in the ways and the areas 
where we want and need it most for the future 
well-being of our nation. 


Hq Space and Missile Systems Organization, AFSC 





NEW THRESHOLD in the history of air 
power: is opening on a scene altered 
by the impact of a new weapon 

delivery mode. Although it did not come in 
with the explosive impact of the thermonuclear 
weapon or the ballistic missile, it will rewrite 
the books on aerospace doctrine. The Remotely 
Piloted Vehicle or rev is here as a viable 
element in the arsenal of aerospace power. Its 
use for each of the broad) Air Force mission 
aFeCas—Precommnalssance, alr-to ground strike, 


electronic = warfare—has been demonstrated 
either in Southeast Asia in combat or over U.S. 
test ranges. The astute student of air power, 
the Usa planner, and the research and develop 
ment community should be aware of the current 
and potential applications of the oxpv in ful 
filling aerpspace missions. The purpose of this 
article #§ to familiarize the reader with the rpy 


and aspects of a complete RPA wedpon system. 


influencing factors 


Since mid-1970 the aerospace -trade journals 


te 


have been lauding the rev. Why this apparent 
sudden interest in the use of Revs? The answer 
lies in (Wo dportant factors that have emerged 
in modern aerial wartare: ¢costs of new aircratt 
and increased cfhectiveness of defensive svs 
tems. Since World War Tl the cost of tactical 
aircraft has increased trom: tens of thousands to 
millions of dollars each. with some next 
veneration vehicles: costing more than $15 mil 
lion each. This is an increase in’ excess” ot 
two orders of imacnitude. Thus costs have 
driven modern aircratt to thé point of being 
limited. high-value assets. Improved deters: 


systems have necessitated the use of more se 


phisticated and costlier tactical) aircraft, but 
with higher attrition rates. The improved defense 
has also neceysitated a three to fourfold) in 
crease In support warcraft for electronic coun 
termeasures, Combat Nir Patrol. ete. which 
adds to the cost 

\s far as numbers are concerned, the balance 
of military power in Europe is weighted in fa 
vor of the Warsaw Pact nations. They have 


more battle tanks and vreater troop streneth 
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than the North Atlantic Treaty Organization 
(naTo) forces and twice the number of tactical 
aircraft. Added to this potential capability are 
advanced mobile radars and thousands of anti- 
aircraft guns and surface-to-air missiles. 

Clearly, aerospace power will be a decisive 
factor in the event of hostilities. But because of 
vehicle and defensive system costs, our conven- 
tional resources will be limited. The rpv offers 
promise of countering this seemingly over- 
whelming strength of the Warsaw Pact nations, 
however. This is not to say that current 
weapon systems are to be replaced by the rpv, 
but the rpv will augment manned vehicles so as 
to enhance their survivability and ability to 
perform their missions. 

Why the remotely piloted concept? The 
unmanned craft complements manned aircraft 
by providing relatively low-cost systems to be 


deployed in large numbers in order to over- 
whelm the defensive systems. The rpv is built 
with attrition in mind and would be employed 
in large numbers against highly defended tar- 
gets. It is fearless, avoids the extreme exposure 
of expensive manned systems, and reduces the 
number of potential hostages. During World 
War II, Allied air operations in Europe resulted 
in the loss of about 40,000 aircraft and 160,000 
crewmen.’ Another possible consideration for 
using RPv'’s is during periods of increased ten- 
sion; reconnaissance by unmanned vehicles may 
be acceptable without precipitating open hos- 
tilities. 


history 


In its most simplified form, the rpv lineage 
dates back to four centuries before Christ, 
when the Chinese first introduced the kite. 
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Later, a camera was placed on a tethered bal- 
loon during the Civil War and still later on the 
leg of a homing pigeon during World War I. 
However, it was 1915 before invention of the 
first modern military version of an Rpv, the 
Kettering Bug.” It was envisioned as a remotely 
controlled weapon that would shed its wings 
and dive as a bomb upon completion of a 
crudely preprogrammed course and distance. It 
did not become operational since the require- 
ment ended with the cessation of hostilities. 
The concept was not developed further because 
it suffered the fate of many research and devel- 
opment attempts today: cancellation for lack of 
funds. 

As early as 1924, such men as Hugo Gerns- 
back recognized the potential application of a 
“pilotless plane which sees” remotely via a 
television link and radio control. In 1931, ac- 
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companying a reprint of Gernsback’s paper in 
Television News, it was stated that although 
the idea may have appeared fantastic in 1924, 
“most of those who read this article will live to 
see a television-controlled airplane a reality 
during the coming years.” * (Primarily because 
of cost, the “coming years” took until 1972 
before an Rpv became a practical reality with 
the demonstration of the strike npv.) However, 
development of a military rev lay dormant, 
buried under the wraps. of _ security 
classification, until 1938. Then the Army Air 
Corps let a contract to the Radioplane Com- 
pany, subsequently to become the Ventura Di- 
vision of Northrop Corporation, for three ra- 
dio-controlled target drones. This development 
led to the first drone production line. The Air 
Corps designated this drone the A-2, which was 
followed by an improved version, the OQ-2A. 


The Kettering Bug of 1915, first military RPV, designed to dive as 
a bomb after a preprogrammed course, did not become operational 
before World War I ended. . . . The OQ-2A came off the first drone 


production line under a 1938 contract with the Radioplane Company. 
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During World War II, the Kettering Bug 
again surfaced as a possible candidate for long- 
range bombing of the Axis powers.* Because 
of a short 200-mile range, it was abandoned 
in favor of modifying battle-weary B-17s and 
B-24s, which were no longer suitable for 
manned operations, into drone configurations 
to attack heavily defended targets in the heart- 
land of Germany and submarine pens along the 
coast of France. This plan also was abandoned 
because of prohibitive costs: the aircraft first 
had to be made airworthy. The German V-1 
buzz bomb used during this period may also 
be classed as a drone. 

In the years immediately following World 
War II, much of the rap activity was focused 
on the guided missile program. The rev found 
its role limited to target applications, which 
became the technological base for our current 
unmanned vehicles. A number of manned air- 
craft were modified for drone applications, 
again, primarily, in the target application. 
Some of these were the QB-17, QB-47, QF-80, 
QF-104, and QT-33. 

The use of functional drones in the usaF 
began in 1948. The Ryan Aeronautical Com- 
pany was awarded the first contract for a sub- 
sonic, jet-propelled, unmanned aircraft. It was 
designated the XQ-2. The primary purpose of 
this drone was for test and evaluation of 
ground-to-air and air-to-air missiles. The pro- 
duction model was designated the Q-2A. The 
utility of the target drone for training of air- 
crews soon became apparent, but realistic tar- 
get threat simulation was necessary. The Q-2A 
was not designed for the added radar augmen- 
tation and scoring devices. Wingtip pods were 
used, with resulting degradation of aerody- 
namic performance. The drone was modified for 
higher performance. After building only three 
XQ-2B drones, Teledyne-Ryan proposed a new 
design with adequate internal space for aug- 
mentation and scoring devices and with a 
larger engine. This drone (later designated the 
BQM-34A Firebee by Navy and Air Force, 
MQM-34D by the Army) is a high subsonic 














The BQM-34A Firebee, a near Mach 0.9 drone capa- 
ble of operating at altitudes of 200-50,000 feet by 
remote radio control, went into production in 1959. 


vehicle, near Mach 0.9, capable of operating at 
altitudes from 200 to 50,000 feet using remote 
radio control. It went into production in 1959. 


current RPVs 


The current inventory of usaF drone/RPV sys- 
tems is directly related to the manner in which 
the programs developed historically. Usually, 
an existing target drone or a derivative thereof 
was selected for modification to meet an urgent 
operational reconnaissance need rather than 
expend the critical time required to design and 
develop the optimum remotely piloted vehicle. 
As these systems operated successfully and ob- 
tained the desired results, more operational 
needs were identified for them. 

Tensions during the early sixties provided the 
catalyst to employ the rpv in other than target 
applications. In 1962, two research and devel- 
opment photo reconnaissance RPVsS were 
created out of modified Firebee target drones. 
From this humble beginning an operational 
reconnaissance capability evolved, which was 
used in Southeast Asia. This fearless workhorse 
for low-level reconnaissance is the AQM-34L. 

Since then, rpv’s have been developed for 
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The AQM-34L, a modified Firebee, 
was a low-level reconnaissance 
workhorse during the Vietnam war. 


A DC-130A of Tactical Air Command's 
Combat Angel Force launches and con- 
trols 4 d and multiple AQM-34Hs. 





other applications, but operationally they have 
been used primarily in the reconnaissance role 
or as target drones. Another mission application 
was for tactical electronic warfare support. The 
activation of the 11th Tactical Drone Squadron 
on 1 July 1971 (assigned to the 355th Tactical 
Fighter Wing at Davis-Monthan Air Force 
Base, Arizona) marks the beginning of employ- 
ing unmanned vehicles in tactical operations. 


drone/RPV system 


The design of a drone/rpv must be consid- 
ered from the point of view of a total weapon 
system. The main elements of such a system are 
the airframe, launch subsystem, payloads, pro- 
pulsion, command/control, and recovery sub- 
system. The airframe becomes the integrating 





element for the total system. The design of 
such a system must be specifically tailored to 
the missions it is to accomplish. The navigation 
techniques employed, internal guidance, flight 
control, fuel distribution to include its transfer 
for weight-balance control, etc., must all be 
designed for automatic and/or remote control. 
The mode of launch is critical in the design 
and must include provision for total system 
checkout and fueling. Structural stability and 
flight control are vital considerations. The usaF 
suffered some painful experiences as it went 
through the learning curve in developing tech- 
niques for zero length ground launch and 
DC-130 airborne launch. The missions are gen- 
erally the driving factor in the design of an 
unmanned vehicle, for payloads such as photo 
reconnaissance (high, medium, or low altitude), 
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The supersonic BOM-34F is the USAF’s 
latest addition to its target drones. 


yo © 











Teledyne-Ryan’s AQM-91A provides one approach 
to developing high-altitude, long-endurance RPV. 


electronic countermeasures (active and/or pas- 
) sive, to include dispensers), and weapon deliv- 
’ ery, to name a few. We must keep in mind that 


4 =the unmanned vehicle is envisioned to be inex- 


* pensive, since it will be employed in high-risk 
* areas with many losses due to enemy action. 
The propulsion plant must be tailored to the 
mission; e.g., an engine for a high-altitude, long- 
endurance flight profile would be different from 
© one selected for a low-altitude, on-the-deck, 
_ high-subsonic flight profile. Another prime con- 
' sideration is availability in the research and de- 
' velopment inventory. The development of a 
new engine for a high-performance rpv can be 
expected to take four or five years and some 
) fifty million dollars. 
'Control-guidance is an essential element of 
an RPv system. Consideration must be given not 
only to control of the unmanned vehicle but 
also to control of its payload. Some means of 
recovery must be designed into most systems, 
although not for expendable or one-way vehi- 
cles. Current recovery techniques include the 
use of parachutes. Most operational Air Force 
systems use a helicopter recovery in what is 
designated as the Mid-Air Retrieval System 
(MaRS). Here again, there was a painful learn- 
ing curve. Early in its use, the losses (total de- 
struction) due to Mars failure were about 50 


Boeing concept Compass Cope (B) is the other 
approach in the flight-vehicle demonstrations. 


percent. Recent years have shown over 90 per- 
cent success. Some current rpv’s being devel- 
oped will weigh in excess of 13,000 pounds. 
These rpv’s will have landing gears and will be 
operated from runways. 


RPV families 


Unmanned vehicles may be classed into four 
broad categories, based on basic vehicle perfor- 
mance and design: target drones; high-altitude, 
long-endurance rpv’s; tactical rpv’s; and ex- 
pendable drones. 


target drones 


Jane’s All the World’s Aircraft lists 34 drones, 
of which 65 percent are U.S.-built. Most of 
these are target drones that have been in the 
inventory of the military services for years in 
one form or another. Beechcraft, Teledyne- 
Ryan, and Northrop are the leaders in the de- 
sign and fabrication of drones in the United 
States. Beech alone has assembled more than 
4500 drones since 1955. Currently the work- 
horse for the Air Force and Navy is the Tele- 
dyne_ Firebee. The Northrop Chukar 
(MQM-74A) is widely used by U.S. and Nato 
forces as a low-level target system. 

Most of the target drones have been in the 
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subsonic region of flight, whereas modern 
manned weapon systems require supersonic 
targets for test/evaluation and training. There 
are some small supersonic targets in the U.S. 
inventory, and larger, higher-performance vehi- 
cles are being developed. The latest usaF target 
drone is the supersonic BQM-34F. Most Air 
Force target drones have augmentation devices 
on board to enhance the radar or infrared (1) 
signature so as to simulate a full-size target. As 
these are unsatisfactory for some aspect angles, 
new efforts are being directed toward full-scale 
maneuvering targets. In order to present more 
realistic targets, maneuverability and variable 
speed are being designed into even the small 
subsonic targets. 


high-altitude, long-endurance RPV 


The vusaF has several efforts under way to de- 
velop a family of high-altitude, long-endurance 
(HALE) systems to fulfill a broad spectrum of 
important missions. “High-altitude” means that 
the rpv is at an altitude in excess of 40,000 
feet during its mission aspect of the flight 
profile. 

The Compass Cope program is a two- 
contractor flight-vehicle demonstration effort. 
The objective is to build an rev with a sizable 
payload that will operate at high altitudes 
with long endurance. One approach, which is 
in the initial design stage, is based on tech- 
nology developed for the Teledyne-Ryan AQM- 
91A. The other Compass Cope effort is based 
on a Boeing concept. ; 

There are numerous missions and associated 
sensor platforms to which the high-altitude, 
long-endurance rpv may be applicable: time of 
arrival, distance measuring equipment, side- 
looking radar, reconnaissance, battlefield surveil- 
lance, air sampling, communication relay, etc. 


tactical RPVs 


. There are four broad mission areas for this fam- 


ily: reconnaissance, air-to-ground, electronic 
warfare, and air-to-air. As an outgrowth of the 





intelligence activity, Rpv’s are in the inventory ~ 
for tactical photo reconnaissance. When the “| 
tactical requirements for real-time data are 
addressed in the near future, the payload © 
configuration and operation must be more | 
adaptable, to incorporate man’s decision- ” 
making abilities. Some of these systems will 
use RPv’s for real-time surveillance around fixed 
bases and near the forward edge of the battle” 
area (FEBA). 4 

One of the most exciting applications for the — 
RPV is its use in the air-to-ground strike mission. 
Accuracy is more critical than yield. When at- 7% 















tacking revetted hardened targets such as han- 
garettes, accurate delivery of the weapon is 
absolutely essential. It is extremely difficult for 
manned aircraft to deliver weapons with the 
necessary accuracy when the target is heavily 
defended with antiaircraft artillery (aaa) and ; 
surface-to-air missiles (sam’s). Of course an RPV Pacil 
is fearless. Reconnaissance film from rpv’s in ot 
Southeast Asia clearly shows aaa in action and The 
multiple sam launches as the rpv passed over _ 
the target complex. Such situations can be ex- the ; 
pected to result in high attrition rates for the the " 
attacking vehicles. The relatively low cost of es 
the rpv makes it an ideal delivery system for sm 
this type of mission. Although the primary in- pre 
terest at this time is the use of rpv’s against beu 
heavily defended, high-value targets, such as a 
SAM Site, there is little doubt that close air sup- ~— 
port and classical interdiction missions could be A ne 
considered in the future. of s) 
Currently, the tactical electronic warfare RPv pen 
developments have been limited to the Tactical was 
Air Command’s Combat Angel Force. The air- then 
borne director in the DC-130A will have a the 
launch control system for rapid checkout and conc 
launch of four drones, and flight control of mul- airc! 
tiple AQM-34H’s. on s 
Probably the most complex rpv system will sign 
be employed in the air-to-air combat role. The able 
concept of using an Rpv in this mode was vali- men 
dated by the U.S. Navy. A mock dogfight was fore 
conducted with an F-4 trying to make a kill on ener 
a modified Teledyne-Ryan Firebee over the men 








A DC-130 launches a BGM-34A, a specially 
modified Firebee, with an AGM-65 Maverick . . . 
it streaks toward the target . . . it approaches 
.. . and impacts on simulated SAM radar van. 


Pacific Missile Range. Additional engagements 
were conducted at Edwards ars, California. 
The advantage of the rev in accomplishing 
maneuvers of 12-g stress and in turning inside 


the manned aircraft gave the rpv an edge in 
the “battles.” Other air-to-air missions, such as 
tactical air defense, attack of special-purpose 
systems, and defense of our own special- 
purpose systems, are areas in which rpv’s could 
be utilized in the future. 


expendable drone 


A new family currently in the conceptual phase 
of system research and development is the ex- 
pendable drone. The early history of drones 
was traced by the Kettering Bug. Not since 
then has an unmanned vehicle been designed in 
the U.S. with a one-way mission built into the 
concept. It is true that some droned manned 
aircraft and target drones have been employed 
on such missions, but they were not solely de- 
signed for just this type of mission. The expend- 
able drone family is being developed to aug- 
ment the tactical electronic countermeasure 
force. The concept is simple: to saturate the 
enemy defensive systems through the employ- 
ment of large numbers of very low-cost drones. 
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The objective is to capitalize on one of Ameri- 
ca’s greatest assets, her ingenuity and capability 
for high-volume productivity. 


control guidance 

Among the most critical problems associated 
with using large numbers of rpv’s in tactical 
operations will be control and data retrieval. 
This involves the simultaneous control of mulkti- 
ple vehicles operating in the same geographical 
area, interface of the rpv control-guidance sys- 
tem with the tactical air control system, and 
operation of rpv’s with manned aircraft in the 
same general airspace. Wide-band telemetry 
associated with such sensors as electro-optical 
and radar will require special considerations in 
view of possible enemy action to negate the 
RPv capability via jamming techniques. 


control-guidance elements 

The center of the control-guidance system is, of 
course, the Rpv itself. This is the point about 
which the other elements are directed. The 
other obvious requirement is the remote station 
from which the rpv is controlled. It can be 
either a ground flight control central and/or an 
airborne director/relay. The latter is often the 
launch vehicle, as in the case of a DC-130. 
These control stations obtain status information 
on vehicle performance and provide control data 
to the rev. There is on board the rpv a pro- 
grammer for automatic control during some 
portion of the mission; further, it is used in the 
event of loss of communication between the 
vehicle and the remote pilot. There may be 
available some other means of tracking the RPv, 
such as a ground-control intercept radar, which 
could be a backup mode to the control system. 


Notes 

The terms drone and RPV are used interchangeably throughout the article. 
Because of the various modes by which unmanned systems can be controlled 
and the fact that the remote pilot may or may not be opted in the control loop, 
the Drone/nev Systems Program Office does not draw the fine-line difference 
that glossaries do. 





future trends 


Some trends for the future in RPv’s are discern- © 
ible. The RPv concept is not to replace manned 
aircraft but to complement the manned force, — 
to improve tactical strike operations. For the — 
near term, the technology is available, with no 


apparent breakthroughs required before the § 


use of rpv’s can be exploited. Creativity and 
ingenuity in applying the technology to design — 
concepts will be required in order that greater 
strides in this area can be accomplished and 
costs held to a reasonable factor. Some of the 
early challenges are in the areas of configura- 
tion design, propulsion, avionics, controls, and 
displays. Perhaps what is most important is 
that operational concepts and tactics for use of 
rPv's definitely require exploring. How rpv’s 
are used and the methods employed will be as 
important to achieving operational success as 
the capability that is built into the vehicle. It 
is realized that this cannot be fully accomplished 
with studies or mathematical computer simu- 
lations. We will need early development of 
demonstration hardware and system _proto- 
typing that can be given to the user to de- 
velop tactics. This course of action can greatly 
accelerate the development of rpv systems as 
a viable force in the arsenal of aerospace weap- 


ons. 


Man, pound for pound, is still the most 
effective component in our weapon systems. | 
Sociological, political, and cost factors, howev- — 
er, may preclude the use of man and his © 
high-value aircraft against highly defended tar- | 
gets. This situation could create a rather grim ~ 
prospect for our foreign policy planners. Fortu- | 
nately, the npv may offer a way out of this © 
dismal situation. 

Hq Aeronautical Systems Division, AFSC — 
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SUPERSONIC DELIVERY 
OF CONVENTIONAL WEAPONS 


Fact or Fancy? 
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E ARE LIVING in a speed-oriented 

culture. Whenever we see a shiny, 

sleek new automobile, boat, or air- 
craft, the first question is apt to be, “How fast 
will it go?” We tend to associate maximum 
speed with all tactical operations, whether they 
be dogfighting, intercepting enemy aircraft, or 
air-to-ground weapon delivery. The news media 
amplify this tendency by releases such as “The 
F 4 Phantom II is capable of carrying 16,000 
pounds of weapons at 1600 miles per hour.” 

Those who realize that the F-4 can indeed 
carry 16,000 pounds of bombs or go 1600 mph— 
but not simultaneously—are at least aware of 
some of the severe operating limitations imposed 
on today’s high-speed tactical aircraft when they 
are carrying external stores. However, there is 
a vast lack of understanding as to why these 
limitations are imposed and how they affect 
tactical operations. 

Inevitably, when fighter pilots have exhausted 
their stories of heroic deeds, they turn to serious 
discussion of mutual frustrations and their drive 
to enhance their chances of survival. Many of 
these pilots believe that if they had only been 
able to go faster—supersonic, preferably—they 
would have been much safer and could have 
done a better job at the same time. These com- 
ments are even more interesting in light of the 
fact that today’s pilots are saturated with the 
number and types of actions they must perform 
in the extremely short time available in a bombing 
run. Going faster would decrease even further— 
drastically in the case of supersonic delivery— 
the time available to the pilot for target de- 
tection and identification, lineup of the sight, 
and positioning of the aircraft during run-in. 
How do we explain this apparent paradox? 


Impact of the 
Southeast Asia Air War 


First of all, to understand this situation fully, 
we must know something of the nature of the 
air war in Southeast Asia. Army, Air Force, and 
Navy pilots attacking North Vietnam were sub- 
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jected to the most intense and highly sophisti- 
cated air defense network ever encountered in 
warfare. Yet, despite the degree of sophisti- 
cation, the vast majority of U.S. aircraft lost 
over North Vietnam were shot down by small 
arms and antiaircraft guns, most of which were 
not even controlled by radar. The surface-to-air 
missile (sam) was a very ineffective weapon in 
terms of number of kills per weapon fired. Our 
pilots learned early how to stay low or ma- 
neuver to avoid the sam’s. These very actions, 
however, forced us to operate in the environ- 
ment that makes the ground antiaircraft (aa) 
guns so effective. 

This, then, is where the first and foremost 
need for supersonic delivery became apparent. 
Anything that could reduce the effectiveness of 
the enemy guns would greatly enhance survival 
of the attacking pilots. Flying low (to avoid 
SAM'S) at supersonic speeds would impose almost 
impossible tracking rates on these gunners. 

It now becomes important to distinguish be- 
tween supersonic carriage and supersonic de- 
livery. Attacking aircraft must penetrate to the 
target as well as attack it. Avoiding sam’s and 
AA fire is important in both phases. However, in 
Southeast Asia, the majority of our aircraft 
losses were incurred within a very few miles of 
the target area. This was in part because the 
enemy knew generally from which direction we 
would be most likely to attack, and they con- 
centrated guns in certain areas. 

From this, it follows that, while it is impor- 
tant from a survivability standpoint to achieve 
a supersonic capability for carriage of the 
weapons to the target, it is much more impor- 
tant to achieve a capability, in the target area, 
to deliver the weapons supersonically. This 
latter capability can be a limited one in that 
it is not needed for long periods of time. 

It is not my intent in this article to explore 
in further detail the justification for a super- 
sonic delivery capability. (I fully recognize the 
arguments that any new general air war would 
probably be fought differently than in the past 
or that other weapons could be developed to 
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attack targets more efficiently while standing 
off far enough to enhance survival.) I believe, 
however, that the Vietnam war experience and 
political reality require that a supersonic capa- 
bility be developed. General William W. Mo- 
myer, Commander, Tactical Air Command, once 
said, at a Tactical Fighter Symposium: 
I think the day is past when we can expect to 
have the strike force penetrating at a slower 
speed than the protecting fighters. If one believes 
that air superiority will require deep penetration 
of enemy defenses, strike forces to destroy the 
enemy air force on the ground and in the air, 
and limited time in the target area, I think one 
would place speed as the most important con- 
sideration. 


‘imitations Imposed by 
Carriage of External Stores 


Let us look at the limitations imposed on 
present-day fighters by the addition of exter- 
nally carried weapons, usually on multiple ejec- 
tor racks (MER’s) or triple ejector racks (TER’s). 

Every present-day jet fighter has a maximum 
operating speed (V,,) that is achievable only 
while carrying no external stores. When such 
stores are carried, the “allowable” speed then 
becomes much less—sometimes less than half 
the clean aircraft speed. It is important to 
understand that the “allowable” speed is usually 
imposed by the store. This imposed limitation 
may be a flutter limit for the particular aircraft/ 
store combination, a structural limit on the store 
itself or on the aircraft because of the store 
being carried, or it may just be an arbitrary 
limit because no one knows what loads or tem- 
perature limits the store can endure. Sad to 
say, it is generally the latter. Almost no work 
has been done to investigate whether stores 
can survive supersonic speeds or to see if specif- 
ic aircraft/store combinations can be safely 
flown above 1.0 Mach (1.0M). 

Suppose these store limits were erased. What 
could a typical fighter aircraft do just on the 
basis of power available? If one were to over- 
lay the clean aircraft performance flight envelope 
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with those of several different configurations 
including certain external stores, it would be- 
come apparent, from a thrust-minus-drag stand- 
point, that there are loadings that could be 
used supersonically—if all the store/aircraft 
limitations could be ignored. One point stands 
out: the possible envelope where stores are 
carried on multiple racks protrudes only slightly 
into the supersonic regime. Even then, the low- 
est altitude at which speeds of even 1.10M 
are attainable is about 20,000 feet. This alti- 
tude factor will severely limit the possible choice 
of weapons to use supersonically, since many 
cannot be efficiently delivered at such high 
altitudes. In general, it can be said that “iron 
bombs,” whether guided or unguided, are the 
only unpowered weapons that can be delivered 
at these altitudes, subsonically or supersonically. 
Weapons such as dispensers, firebombs, and 
rocket pods are generally used at low altitudes, 
although some cluster bombs, because they fall 
away from the aircraft like a bomb before 
opening, can be adapted to high-altitude re- 
lease by the use of delay-opening timers. 

Another useful point may be made by com- 
paring a typical aircraft’s performance envelope 
using maximum afterburner power with one 
using only military (maximum continuous) 
power. It becomes apparent immediately that 
to go supersonic, even without stores, military 
power must be exceeded. With stores attached, 
the power requirements go up drastically, and 
so does the fuel flow. Few present-day fighters 
can operate very long with afterburner power 
and still have a fuel reserve for return from the 
target. A practical time for most aircraft of 
this type would be something less than ten 
minutes. Fuel then becomes a very limiting 
factor. 

Previous comparisons considered only one-g 
straight and level flight. When maneuvering 
flight at other than one-g is considered, the 
possible aircraft performance envelope shrinks 
drastically until, at three-g, for example, the 
envelope is less than one-half that possible at 
one-g. The altitude penalty required to main- 
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tain level flight in a 3-g maneuver is also very 
large. This means that en route to the target 
the aircraft is extremely unresponsive during 
evasive maneuvers and vulnerable if jumped by 
enemy interceptors until the ordnance load is 
jettisoned, and by then it may be too late. 

Stores carried externally on the aircraft wing, 
some distance from the aircraft longitudinal or 
roll axis, also penalize the aircraft in roll per- 
formance. The roll rate reduction, coupled with 
the very restrictive g envelope available, can 
literally make some aircraft sitting ducks, unable 
to take any meaningful evasive action. 

On analyzing the limitations discussed, we 
find that multiple carriage and high drag im- 
pose the most severe restrictions. Summarizing 
all their effects, we can say that, to achieve the 
best, usable supersonic delivery envelope, iron 
bombs should be carried singly on pylons. This 
configuration minimizes drag and fuel required, 
maximizes the possible maneuver envelope, and 
provides a weapon that can be employed super- 
sonically at both low and high altitudes. Since 
not all targets can be attacked efficiently with 
iron bombs, whether they be guided or unguided, 
any attempt to achieve a supersonic attack 
capability should be centered at first on those 
targets which are compatible with bombs. 


Achieving an Interim 
Supersonic Capability 


It should be obvious from the preceding dis- 
cussion that achieving a true supersonic carriage 
and delivery capability for today’s operational 
fighter aircraft will be an extremely difficult 
problem. Many technological barriers must be 
crossed, and a drastic change in store carriage 
methods may be required. Even though super- 
sonic carriage of stores is important, however, 
supersonic delivery is vastly more important. A 
short supersonic dash capability, to be used in 
the target area only, is within reach on today’s 
aircraft without any significant changes in the 
state of the art. To attain this capability, the 
following steps should be taken. 


mission planning 


For the particular aircraft selected, typical 
mission profiles should be computed, using only 
those targets deemed suitable for attack at super- 
sonic speeds. To do this, the complete mission 
must be planned, using specific weapons loaded 
on the aircraft in certain configurations. Among 
the important factors to be considered are fuel, 
time, airspeed, attack mode (level, dive, toss), 
and type and number of weapons to be released 
to “kill” the particular target. Not every tar- 
get is of the type that can be attacked efficiently 
at supersonic speeds. For example, close air 
support targets or targets of opportunity are 
difficult to attack supersonically because of the 
short time available for target detection and 
identification, as well as attack. Targets such 
as these should not be prime candidates for 
developing the interim capability. On the other 
hand, deep interdiction targets such as dams, 
power plants, factories, etc., which are likely 
to be defended fairly heavily by the enemy, are 
good candidates for supersonic attack. 


captive flight envelope determination 

Once the specific aircraft, weapons, loading con- 
figurations, and attack modes have been identi- 
fied, the maximum possible operating envelope 
can be determined. If this proves to be too 
restrictive, the configuration should not be ex- 
plored further. If, however, the performance 
envelope does show promise, an allowable 
captive flight envelope should be determined. 
This allowable envelope should be the result of 
investigation or analysis of the configuration 
from the standpoint of flutter, structural loads, 
stability and control, and aerodynamic heating. 
To determine the allowable envelope for that 
particular aircraft/store combination, flutter or 
stability flights utilizing a specially instrumented 
aircraft may be required. Additionally, ground 
structural tests of the store or the store/aircraft 
structure may be required. None of these tests 
is beyond the capabilities that exist today. 


Aerodynamic heating limitations. By far the 
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most severe restriction preventing an expanded 
supersonic captive envelope comes from the 
aerodynamic heating effect. Almost all present- 
day bombs and fuzes have, as their explosive 
charge, some form of tnt, usually Tritonal or 
H-6, which melts at 178°F, although most en- 
gineers conservatively use 160-165°F. When 
this explosive melts, it becomes unstable and 
very dangerous. To determine at what point the 
TNT in a bomb melts, two things must be known: 
the total temperature level to which the bomb 
is being subjected and the length of time it is 
left at that temperature. At the present time 
it is virtually impossible to predict heating levels 
for a specific aircraft configuration using a 
specific weapon. Because of this difficulty, it 
*; convenient—and conservative—to compute the 
maximum aerodynamic ram air temperature 
rise, which would be experienced on the ex- 
treme front end of the bomb. This temperature 
of the weapon’s stagnation point is called adia- 
batic wall temperature (T,w). The advantage 
of using T,w is that it is easy, to compute for a 
given flight condition and that it is by definition 
the absolute highest temperature level to which 
the weapon can possibly be raised at that flight 
condition. It is conservative in that the weapon 
cannot possibly be subjected to that temperature 
over its‘entire exterior surface. Using Taw gives 
only the maximum temperature experienced for 
continuous operation at a particular flight con- 
dition. Obviously, the bomb explosive will not 
melt instantaneously, so some time must also be 
specified. Cook-off tests of bombs, in which the 
live bomb is immersed in an extremely hot 
jet-fuel fire, have been run by both the Navy 
and Air Force. Nearly all bombs will last 5 
minutes before cook-off, even though the flame 
temperature is about 1600°F. 

If one were to plot, on a Mach-number/alti- 
tude graph, lines of constant equivalent air- 
speed and lines of constant T,w, it would be 
apparent that the 650 Knots Equivalent Air- 
speed (kEAS) line is parallel and close to the 
175°F T,w line until about 1.4M, at which point 
the 650 xeas line bends away rapidly, with a 
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corresponding rise in T,w. From this, then, it 
can be said that, for any aircraft or weapon com- 
bination, 650 KEas up to 1.4 Mach can be 
maintained for less than 5 minutes without 
danger of explosive melting. This limit, while 
conservative, is considerably better than the 
limits in current use by most fighter aircraft, 
and, more important, it is a safe, reliable, and 
quickly determined limit that can be applied 
to today’s aircraft and weapons without a great 
deal of analysis and test. 


weapon separation envelope determination 


Once the allowable captive flight envelopes 
for the particular aircraft/store configurations 
have been established, the maximum safe separa- 
tion envelopes for the stores can be developed. 

One of the first steps in determination of the 
separation envelope is a wind-tunnel test. As- 
suming that the wind-tunnel tests show that an 
acceptable safe separation envelope for the 
stores may be possible, flight tests to confirm 
this may begin. In the Armament Laboratory 
at Eglin ars, we use a technique called photo- 
grammetry in our flight testing, to keep actual 
flights to an absolute minimum. This technique 
essentially gathers quantitative store angular 
and linear displacement data during store 
separation and, by computer reduction, pro- 
cesses it into a form that can be compared 
directly to the wind-tunnel data. Good correla- 
tion allows flight testing to be reduced because 
flight safety hazards are minimized. During the 
flight testing, weapon ballistic trajectory deter- 
minations should also be made so that accurate 
bombing tables or ballistic computer inputs 
may be generated. This task is generally done 
at Eglin by tracking the weapons after release 
with high-speed ground-based cameras and Con- 
traves cinetheodolites. The data so gathered are 
processed by a computer program to generate 
the necessary tables. 


current Air Force efforts 
The entire process described above to achieve 
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an interim supersonic delivery capability is now 
being accomplished by the Air Force Arma- 
ment Laboratory (AFATL). We have obtained 
from TAc several specific weapon-loading con- 
figurations on the F-4 and the F-111 aircraft, 
which, Tac feels, are most likely to be used in 
attacking specific targets supersonically. Using 
Armament Development and Test Center 
(aptc) aircraft, we will perform the flight tests 
necessary to certify these specific configurations 
for operational use. This entire project, because 
of our heavy in-house involvement in the wind 
tunnel, engineering analysis, flight testing, and 
data reduction phases, is budgeted for less 
than $500,000. 


Achieving the Long-Range Goal 


All the foregoing discussion was centered 
around achieving an interim supersonic delivery 
capability with today’s aircraft and today’s 
technology. A substantial improvement in cap- 
ability can be achieved quickly within the state 
of the art by making certain rationalizations, 
such as that used for aerodynamic heating. De- 
vices such as this will enable us to cut down 
some of the large gap between what the clean 
aircraft is capable of achieving and what we 
allow today, in terms of delivery envelopes for 
stores. Closing this gap, however, requires signif- 
icant advances, both in technology and in the 
methods we now employ for carriage and re- 
lease of weapons. 


technological barriers 


There are basically three areas of technology 
in which advancement is required before we 
can attain a true supersonic capability for weap- 
ons: (1) aerodynamic heating, (2) store airload 
prediction, and (3) store and rack static-strength 
determination. 

Aerodynamic heating. If we are going to fly 
to the aircraft limits, externally mounted stores 
are going to have to withstand sink tempera- 
tures of 300°F or above. Now, before we rush 


out and try to develop some system of pro- 
tecting the bomb from the high temperatures 
or develop new explosives that will withstand 
these extreme temperatures, we should first 
know to what temperatures the bombs—and the 
explosives inside—will really be subjected in 
flight. Unfortunately, testing to make this de 
termination is the real problem. 

As an aircraft reaches transonic speeds, shock 
waves begin to form on various parts of the air- 
craft and stores. As the aircraft speed increases, 
these shock waves change shape, position, and in- 
tensity. Some of the shocks impinge upon other 
parts of the aircraft or stores, and heat flows 
rapidly down the shock to the part impinged upon. 
Several years ago Navy flight tests on externally 
carried missiles measured heat transfer coef- 
ficients of up to ten times the ambient in the 
region of the shock wave impingement. This 
means that “hot spots” are being formed. Since 
the sweepback (or Mach angle) and position of 
the shock vary directly with Mach number, these 
hot spots are not constant, either in position or 
in level of temperature. Since a particular store 
carried externally, particularly on a MER OF TER, 
may be impinged upon by several shock waves 
simultaneously, and since these impingements 
may move around drastically with varying speeds, 
it becomes virtually impossible to predict tem- 
perature levels on the store surface or heat flux 
rates through the store to the explosive. 

Flight testing becomes the only practical meth- 
od of determining how hot the explosive is get- 
ting. But how do we test? Where do we in- 
stall the heat sensors? The number of sensors 
and whether to locate them inside or outside 
the store become the difficult questions. To find 
out truly what effect temperature/time is having 
on the explosive, every store on every bomb rack 
position, on each pylon, for each configuration, 
and on each aircraft type must be tested. The 
number of flight tests then becomes phenomenal. 
In addition, we obviously don’t want to test with 
live explosive bombs. What inert filler simulant 
we use then becomes a problem. The simulant, 
to give us realistic values of heat-level buildup, 
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must simulate closely the heat transfer charac- 
teristics of the real explosive. Finding such 
a simz!ent becomes, in itself, a major problem. 
There are different schools of thought on testing 
methods, on what type instrumentation should 
be used, and also on the number of test points 
required per test. I can offer no solution to these 
differences, but I strongly believe that a repre- 
sentative flight test should be undertaken using 
a specific aircraft and store configuration as soon 
as possible. This test would not solve all the prob- 
lems, but it should give a data base from which 
a decision could be made as to whether flight 
testing for aerodynamic heating is practical and 
cost-effective. Furthermore, it would give in- 
sight into what methodology should be used, if 
a more definitive flight test were attempted. 

Store airload prediction. One of the primary 
points to be determined prior to carrying a 
particular store supersonically is the effect on 
the aircraft structure caused by the store being 
carried in some specific configuration (pylon, 
bomb rack, MER, etc.). There are only three 
basic techniques available to determine this 
effect: theoretical calculations, wind-tunnel 
measurement, and flight test with instrumented 
aircraft. Instrumented aircraft flight test is by far 
the most expensive and should be used only 
when necessary. The instrumented aircraft is 
generally used to confirm previously predicted 
airloads rather than to explore new areas. 

If a store is fairly large, dense (heavy), and 
carried singly (one per pylon), the effect it has 
on aircraft structure can be predicted with some 
accuracy either by purely theoretical means or 
by several wind-tunnel measuring techniques. 
If several stores of different types (such as bombs 
and fuel tanks, or napaim and bombs) are car- 
tied at the same time, even though they are still 
carried singly on separate pylons, the problem 
becomes more difficult. Even in this case, how- 
ever, store airloads and their effect may be pre- 
dicted fairly accurately. The real problem arises 
when stores are carried on multiple bomb racks 
(MER’s or TER’S), generally in combination with 
other stores on adjacent pylons. In this case, 
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nearly all theoretical prediction methods break 
down badly. From those that do not we get only 
approximations. Wind-tunnel methods, for the 
most part, will give only total loads, such as all 
six bombs plus the MER plus the pylon. Some 
experimenters have been able to isolate the ef- 
fect of the loads of all the bombs plus the rack 
on the pylon, or of just the aft or forward three 
bombs plus the rack on the pylon. To my knowl- 
edge, only one wind-tunnel group in the country 
has been able to measure with any accuracy 
the airloads on individual stores of a MER in a 
wind tunnel, primarily because of the stringent 
requirement of subminiaturizing the store bal- 
ance assembly. 

In the past, most aircraft contractors, and 
government agencies as well, concerned them- 
selves only with the total effect that a group of 
stores had on the aircraft structure. The bomb 
racks, both the MER/TER and the one in the py- 
lon to which the MER or TER is itself attached, 
are usually supplied to the contractor. The con- 
tractor generally asks the government to furnish 
the strength characteristics of these racks, and to 
his dismay he finds that none exists—nothing, 
that is, except the design specifications for the 
racks. The type of qualification testing required 
for bomb racks has generally been of little or no 
benefit to the aircraft structures engineer. Faced | 
with this problem, the usual practice in the past - 
has been for the aircraft contractor to assume 
that the stores themselves and the racks can with- 
stand all the loads imposed. They have concerned 
themselves only with assuring that the basic 
aircraft structure will not fail. Some contractors, 
unwilling to accept this method entirely, have 
performed static and other structural tests on 
the racks and even a few stores. The data have 
for the most part not been made available for 
general use, so the problem continues to be either 
ignored or retested with every new aircraft. 

To carry stores supersonically, we must know 
the airload acting on each store separately, even 
if carried in multiples on a MER. This informa- 
tion is vital to insure that local structural com- 
ponents (racks, pylons, etc.) are not overstressed, 
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in addition to knowing the total effect which 
the whole group of stores has on the basic air- 
craft structure. Furthermore, we should be able 
to predict these store airloads accurately and 
without highly complex calculations or testing. 
AFATL has just begun work on a funded project 
to develop an empirical store airloads prediction 
technique which is intended to be readily usable. 

Store and rack static strength. The fact that 
static strength capabilities for most bomb racks 
either are not known or the data are not gen- 
erally available applies also to most of today’s 
commonly used stores. Classically, the munition 
designer has nev2r worried about the static 
strength of a general purpose iron bomb. It is 
made of extremely heavy, dense steel. However, 
many of the attachments to these bombs, such 
as fins, fuzes, fuze drive assemblies, guidance and 
control units, etc., are not made of such sturdy 
material. Other stores, such as dispensers, fire- 
bombs, and fuel tanks are made from various 
thicknesses of sheet metal. The munition designer 
starts with an assumed set of maximum loads, to 
which he designs his store. If his store has high 
margins of safety when these assumed loads are 
imposed, no further calculations or static strength 
tests are generally made. Static strength data 
(tested to ultimate loads or destruction) are 
available today on very few of the stores or racks 
in actual use. To cloud the picture further, the 
data that are available are only as good as 
the assumed loads, unless the store was tested to 
destruction. We are currently experiencing a 
problem at arati that clearly illustrates the 
point. A standard 750-pound finned firebomb, 
which can be and has been safely carried on 
several aircraft to speeds of 600 knots calibrated 
airspeed (kcas) is now failing below 500 xcas 
on another aircraft. We did not detect this fail- 
ure until we began flight test. 

Obviously we need to know the actual failure 
loads and complete static strength capabilities 
of the stores we use before we attempt to fly 
with them, either subsonically or supersonically. 
We must develop a standardized method of test- 
ing stores that will yield the data necessary to 


predict safe carriage of the store. This method 
should then become a mandatory part of all 
store development programs. In addition, a proj- 
ect should be established to test many of the 
stores already in use, especially those we expect 
to have in inventory for some time, and any other 
store for which we can foresee some application 
of supersonic delivery. 


Improved Carriage Techniques 


None of these technological barriers, taken 
singly, appears to present a problem that will 
require technology significantly beyond today’s 
state of the art. Aerodynamic heating, however, 
does pose another interesting problem. Even if 
we are able to develop a testing method ond 
determine heating levels, it may prove to be too 
costly to be used on an everyday basis. Also, 
even if we solve all three barrier problems, we 
are still left with external carriage of stores 
which itself imposes severe performance, fue’, 
and maneuvering restrictions on today’s air- 
craft, particularly if we use today’s stores and 
store-carriage equipment. 

What, then, can we do to enhance the capa- 
bilities of our already existing fleet of aircraft? 
Obviously we must reduce drag while carrying 
stores, thereby increasing performance and low- 
ering power and fuel requirements. We must 
also increase the available maneuver envelopes 
of the aircraft. Finally, we must develop weapons 
that can be used at supersonic speeds and be 
accurate enough to hit the target. If we were 
designing a new aircraft, we would have several 
different options available to do these things. 
When we start with our existing aircraft fleet, 
however, it becomes a problem of tailoring a 
specific method to a particular type of aircraft. 
What works on one aircraft may not on another. 


supersonic weapons separation technology 


One obvious solution to lowering drag and in- 
creasing performance is to carry the bombs 
internally in a bomb bay. Most existing super- 
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sonic fighter aircraft, however, do not have 
either a bomb bay or space for one. The F-111 
does have a bay in which presently only two 
bombs can be carried. The idea of bluff (blunt- 
nosed) bombs, which has been around for about 
twenty years, offers several distinct advantages. 
First, the bluff bomb, being short and dense, can 
be packaged more efficiently in a bomb bay 
because there are no large, cumbersome fins to 
take up space. Also, because the shape has a very 
low lift curve slope, this bomb can be released 
at very high speeds with little or no tendency to 
“float” or “fly” back into the aircraft. Finally, 
because it has extremely high drag, its trajectory 
is more vertical and much shorter than that of 
a pointed, low-drag bomb. This shorter trajectory 
allows a pilot more time during a bombing run 
to identify and lock on a target before the bomb 
must be released to hit it. 

These ideas form the basis for the Supersonic 
Weapons Separation Technology Program now 
in progress at AFATL. With,a kit designed by 
Convair Aerospace, we take an ordinary 750- 
pound M117 bomb case (minus the fins), turn it 
around backwards, and install nose and tail 
caps, thereby converting this low-drag bomb to 
the bluff shape. We have installed three addi- 
tional bomb racks in the F-111 bomb bay, so 
that now a total of five bluff bombs can be car- 
ried. This is possible because the bluff bomb is 
only about 52 inches long, whereas the standard 
bomb, with its tail fin, is about 90 inches long. 
Studies have shown that, if desired, seven of these 
bombs can be carried in the existing bomb bay 
with essentially no modification to the aircraft 
structure except the installation of the additional 
racks. Carrying these bombs internally can add 
substantially to the aircraft's combat radius be- 
cause of the drag reduction. Also, because the 
bombs are all carried inside the fuselage, the roll 
rate and acceleration (g) envelope are the same 
as for the “clean” or empty aircraft. 

To date, bluff bombs of two aerodynamic con- 
figurations have been released from the F-111. 
We are currently dropping up to five bombs 
per mission at low altitudes, in single and ripple 
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mode (down to 50 milliseconds) at speeds up to 
1.3M. We have dropped the initial bomb con- 
figuration already at high altitude at 1.3M. These 
initial tests showed us that the bomb needed an 
increase in both dynamic and static stability. A 
second, more stable configuration was then devel- 
oped. It is this configuration we are now testing. 
When this phase of test is completed, we plan 
to extend the separation envelope out: to 2.0M. 

Should these tests prove successful, a true 
supersonic capability for both carriage and re- 
lease of conventional bombs will have been at- 
tained. As a matter of interest, the bombs, while 
in the bomb bay, are kept at temperatures less 
than 160°F by the aircraft environmental con- 
trol system. After release, the bomb drag is so 
high that the bomb speed is reduced below 1.0M 
in a matter of seconds, thereby preventing any 
significant temperature rise. Every bomb dropped 
is tracked with cinetheodolites to determine its 
ballistic trajectory characteristics, and the sepa- 
ration trajectory of each is compared against the 
predicted trajectory. 

The objective of this project is not just to 
develop a specific bomb that can be carried and 
delivered supersonically from the F-111. In fact, 
the primary objective is technology-oriented: to 
provide basic data on bluff bomb aerodynamics 
and ballistic performance and to investigate the 
feasibility of packing bombs densely in a bomb 
bay. The project, if successful, should provide a 
great deal of basic data that will be valuable in 
new aircraft design as well as application to air- 
craft now in development, such as the B-1. 


conformal carriage 


Putting bombs inside the F-111 to enhance its 
performance and lower its drag was a relatively 
simple undertaking because the F-111 already 
has a weapons bay. But what can we do to im- 
prove the F-4? There is no bomb bay and no 
room to put one. After several years of indepen- 
dent study by both the Air Force and the Navy, 
the two services have now embarked on a joint 
feasibility/development program involving the 
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F-4, called “conformal carriage.” The Boeing 
Company, Seattle, has fabricated a large, thin 
pallet that fits over the entire bottom of the F-4 
fuselage. This pallet houses up to 12 bomb- 
ejector racks, is only 5 to 6 inches deep, and 
weighs about 1000: pounds. It will carry, in 
various arrays, 12 MK-82 (500-pound) bombs, 
or cluster bombs such as Rockeye II, and 9 of 
the bluff bombs. 

Performance and stability wind-tunnel and 
flight tests have shown that the aircraft, with 12 
bombs installed, is able to achieve over 90 per- 
cent of the clean-aircraft performance envelope. 
Subsonic and supersonic weapon separation 
flight tests were equally encouraging. All bombs 
separated cleanly and with little or no pitch 
excursion at speeds up to 1.6M. 

The weapons carried are mounted tangentially 
to the lower pallet surface, held in place by the 
submerged ejector racks. When carrying high- 
drag bluff bombs, a fairing is placed in front of 
the forward bombs to reduce drag. When low- 
drag bombs are carried, no fairing is used. 

This project, like the F-111 project, will dem- 
onstrate a true supersonic delivery capability 
for the F-4 aircraft. However, it too is primarily 
technology-oriented. Data from this test can be 
of great value in the design of several advanced 
fighter aircraft already in the concept formulation 
stage by both the Air Force and the Navy. 
Particular care is being given in this test to such 
problems as how the bombs will be loaded and 
fuzed and how the aircraft can be serviced, since 
the pallet covers most of the bottom of the fuse- 
lage. The results of these evaluations will assist 
immeasurably in any determination of whether 
the conformal carriage concept can be applied 
to existing aircraft and those now in development. 

Currently, the modified F-4 aircraft is at the 
Naval Weapons Center, China Lake, California, 
where the store separation tests have just been 
completed. The gains in aircraft performance, 
stability, range, andstore separation have matched 
or exceeded all wind-tunnel predictions. Because 
of its success, a follow-on joint Air Force/Navy 
development program is now being planned. 


modular weapons 


In the past several paragraphs, I have discussed 
projects designed to enhance, or improve, the 
performance capabilities of certain specific air- 
craft, the F-11] and the F-4. The Armament Lab- 
oratory is also developing a new series of war- 
heads, to which can be attached several different 
nose cones, tail fins, guidance packages, or 
rocket motors. These attachments will permit a 
small number of basic warheads to do many jobs. 
The warheads are being sized so that the larger 
ones will be carried singly on an aircraft pylon, 
while the smaller one will lend itself to single 
carriage, or multiple carriage on a MER, in a 
bomb bay, or on a conformal carriage pallet. It 
may also be packaged densely in a low-drag 
wing-mounted pod or inside a cluster case. 

This development project, while still retaining 
external carriage, is looking closely at aircraft 
performance and overall drag on many different 
aircraft. For those aircraft where internal or 
conformal carriage is not possible (or econom- 
ically feasible), the modular weapons approach 
may offer a distinct improvement over current 
carriage capabilities. 


IN THIS ARTICLE I have discussed some of the 
current limits placed on existing aircraft, the po- 
tential of these aircraft to achieve at least a par- 
tial supersonic delivery capability, some of the 
technological problems we face, and briefly out- 
lined some current Air Force efforts to overcome 
these problems. 

Again turning to a recent Tactical Fighter 
Symposium, I believe there are two highly ap- 
propriate quotations: 

Development of munitions in the past has been 

a matter of hanging ordnance on an airframe 

after the airframe has been developed. The re- 


sult has been degradation of performance inherent 
in the aircraft in our fighter force. 

The failure to develop weapon systems is the 
principal reason for the existence of supersonic 
aircraft which become subsonic aircraft as soon 
as ordnance is hung. This shortcoming has corapli- 
cated the problem of achieving a supersonic car- 
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riage and delivery capability since all aircraft are 
handicapped by wing-hung ordnance which pe- 
nalizes aircraft performance. 


| have endeavored to sidestep the emotion- 
packed issue of whether or not there is really a 
requirement for supersonic delivery and whether 
a pilot could hit the target if he had the capa- 
bility. Rather, I have attempted to analyze what 
we could do with our existing aircraft quickly 
and what problems we face in the future and to 
suggest several alternate methods of achieving 
the goal both with current aircraft and with those 
of the future. 
Ibelieve strongly that we can no longer endure 
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the limitation of having aircraft operating in 
arbitrary speed and maneuver envelopes which 
are substantially lower than the aircraft is ca- 
pable of achieving. Ideally, aircraft and weapons 
should be designed together as a system. Only 
then can both be operating at peak efficiency. 
Barring that, and recognizing the existence of 
our large inventory of aircraft and weapons, we 
can do no less than work as hard and as fast 
as we can toward expanding the aircraft/store 


operating envelope to the maximum possible 
limit. 


Air Force Armament Laboratory 
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Oo OCKETS and jets have become so commonplace today that scarcely a sec- 


# 4 ond glance is given a missile or satellite launch by people living near United 
lates launch agencies. The writings of Jules Verne no longer command the 
2 or attention they did a few decades ago. Children’s games center around 


sp ce-age technology as comfortably today as their fathers’ games centered 
around the gunfight at O.K. Corral. Television pictures from a roving lunar ve- 


hicle are accepted as casually as was Ed Sullivan’s second variety-show season. 


_ And yet, despite this seemingly nonchalant acceptance of yesterday's 


sientific impossibilities as today’s routine, some space-age “routine’’ is met 
yith disbelief. So it is with the First Aerospace Control Squadron deep inside the 
Sheyenne Mountain complex of the North American Air Defense Command 
DRAD), near Colorado Springs, Colorado. 

' Just entering NORAD’s underground hardened command facility inside Chey- 
inne Mountain leaves one deeply impressed if not overwhelmed. A miniature 
ity consisting of eleven (soon to be fourteen) steel, spring-mounted buildings, 
t covers four and one-half acres. There are water and fuel reservoirs, medical 


a d dental facilities, dining halls, and food supplies enough to operate more 
han 30 days while sealed off from the outside world behind giant 25-ton steel 


foors. All this has been carved out of solid granite. Impressive? Absolutely! But 
inderground complexes are neither new nor space-age. What commands most 
attention and sticks in the visitor's memory are the operational areas of the 
‘irst Aerospace Control Squadron, nerve center of the Fourteenth Aerospace 
brce’s global space surveillance detection and warning sensor net. 

The First Aerospace Control Squadron has three critical areas inside ‘‘The 
puntain”’: the Ballistic Missile Early Warning Center; the Space Defense Cen- 
er, heart of the satellite detection and tracking net; and a computation center 
© support these two and drive visual displays for CINCNORAD, General Seth J. 

ee. 


| The Early Warning Center has the most critical real-time response require- 


ments. iCBM’s travel in excess of 16,000 mph and would take less than 30 min- 


ites to go from their launch pads in Eurasian countries to impact selected tar- 

let points in North America. Several foreign countries also have the technology 
@quired to place a weapon into an orbit around the earth and deorbit it to 
mpact North American targets in its first earth revolution. Ballistic missiles 
unched from seagoing vessels require even less time from launch to impact. 

fo provide accurate and timely warning of such events, detection equipment 

st be precise and rapid, communications must be fast and reliable, and 
man intervention by personnel in the Early Warning Center must be quick 
d sure to provide maximum warning time to allied forces. 





This article on the activities of the Fourteenth 
Aerospace Force’s First Aerospace Control Squad- 
ron is the first of several articles to appear in 
the next few issues of Air University Review 
that will be concerned with the several roles of 
the Aerospace Defense Command. 

















Not rock-candy mountain but 1400 feet 
of Cheyenne Mountain granite protects 
the combat operations center of North 
American Air Defense Command near 
Colorado Springs. The complex includes 
eleven steel buildings, eight of them 
three-story and all mounted on steel 
springs to absorb any _ earth-jarring 
blast. . . . One of the cavernous spaces 
hollowed out deep within the moun- 
tain, from which the NORAD command- 
er in chief and his battle staff could 
direct the defense of North America. 


The detection and warning equipment is precise and rapid. Missiles and satel- 
lite launches are detected within a few minutes of departure from their launch 
pads. Forward site equipment immediately begins processing the received 
launch indications to pinpoint exact time and location of lift-off and to calculate 
the heading of the launched vehicle. An over-the-horizon system blankets the 
Eurasian land mass with radiometric ‘‘eyes’’ that ‘‘see’’ around the curvature of 
the earth and report each satellite or missile as it penetrates the ionosphere. If 
the satellite or missile travels far enough to penetrate the Ballistic Missile Early 
Warning System (BMEWS) radars, which thrust beams of energy more than 2000 
miles across the top of the world, it is again given the same close scrutiny to 
determine if it is a potential threat to North America. A similar process would 
begin immediately at sea-launched ballistic missile (SLBM) detection and warn- 
ing system sensors for missiles launched from seagoing vessels off the coast of 
North America or in the Atlantic, Pacific, or Gulf of Mexico. In each case, the 
data are processed and ready for transmission to the NORAD Cheyenne Moun- 
tain complex within seconds of receipt. 

The communications are fast and reliable. Direct, dedicated voice communi- 
cations are available for virtually instantaneous contact between operators at 
the worldwide forward sites and the operators inside Cheyenne Mountain. Data 
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circuits carry the processed information from detection and warning sensor 
computers with such rapidity that command authorities in Cheyenne Mountain, 
the Strategic Air Command, and the National Military Command Center are 
alerted and the data computed and displayed within seconds. Each circuit is engi- 
neered with as much designed-in reliability as possible. A built-in redundancy 
further increases reliability and survivability in the communications routes. 
BMEWS alone utilizes approximately 45,000 route miles in its communications 
links. 

Early Warning Center personnel must be quick and sure. Missile warning 
officers and technicians must be intimately familiar with forward site equipment 
and capabilities. They must know their own processing and display equipment 
thoroughly so as to make accurate decisions and take immediate action almost 
instinctively. They have to react with time-piece precision. They must be judi- 
cious, analytical, even tempered, purposeful. And they are! 

The satellite surveiliance team in the Space Defense Center functions as the 
brain synapsis with the worldwide space sensors of the SPACETRACK and Space 


Sir Bernard Lovell of the Jodrell Bank Observatory 
in England listens as Brigadier General Morgan S. 
Tyler, Jr., explains a plastic scale model of the 
buildings in the NORAD Cheyenne Mountain complex. 
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Detection and Tracking System (SPADATS); generates and maintains the catalog 
of all man-made objects in space; and gives analytical support to and interface 
with other scientific and space-age agencies. 

The SPADATS network consists of electronic and optical sensors manned and 
operated by units of the United States Air Force, the United States Navy, and 
the Canadian forces. The largest contributor is the USAF SPACETRACK through the 
Fourteenth Aerospace Force, the space arm of the Aerospace Defense Com- 
mand. The Fourteenth operates five radar sensors and four optical sensors, and 
Fourteenth units man and operate most of the missile detection and warning 
sensors. “ 

The five radar sensors represent the established, reliable, and traditional 
methods of detection and tracking as well as the most sophisticated methods 
envisioned to date. Four units use updated versions of traditional radars that 
have proven reliable for many years. The U.S.S.R., for example, is under surveil- 
lance in selected areas from east to west by giant fans of energy stretching sev- 
eral thousand miles into space from detection radars that maintain a 





NORAD'’s Space Defense Center in the Cheyenne Mountain complex is the command post for a global net- 
work of optical and electronic space sensors. It is operated by the Ist Aerospace Control Squadron 
of the Fourteenth Aerospace Force. . . . Computers are essential in space tracking and warming, 








The missile warning center displays computerized alert warning signals 
from the radar stations. . . . Expert reads earth satellite control data. 
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24-hour-a-day watch for space launches. A second radar at each location, a 

large tracker, collects orbital data and performs space object identification 
(sol). The so-called ‘‘black art of space,” soi determines the physical and dy- 
namical characteristics of orbiting space objects. 

At Eglin Air Force Base, Florida, stands a giant single radar capable of per- 
forming both the detection and tracking radar functions concurrently. This is 
done by utilizing the most sophisticated methods of phased array radar. Unlike 
some stations that rely on teletype circuits for transmission of observational 
data to Cheyenne Mountain, Eglin has a direct dedicated data link from its 
computers to the Cheyenne Mountain computers. This data link insures that 
operators in the Space Defense Center have access to satellite observational 
data at virtually the same instant it is processed and presented to operators at 
the Eglin facility. 

Four three-ton astrographic cameras are used by the optical units of the Four- 
teenth Aerospace Force for observation of those deep-space objects whose range 
and size make surveillance by radar sensors difficult or nearly impossible. 
Commonly known as Baker-Nunn cameras, these tracking devices circle the 
globe in their coverage of space. Locations range from the ‘down under’’ com- 
munity of Mt John, New Zealand, to the cameras located in San Vito, Italy; 
Edwards AFB, California; and Sand Island southwest of Hawaii. Although limited 
to nighttime operations, this camera system provides such highly accurate satel- 

slite positional data that the limited observation time is more than adequate for 
Maintaining quality element sets on deep-space objects, such as the Soviet Mol- 
hiya communication satellites, which have apogees near 40,000 kilometers. 

» Historically, Air Force cameras have photographed certain satellites near apo- 

gee. The first Baker-Nunn camera photographed the first man-made earth satel- 
te, Sputnik |, on the day it was launched, 4 October 1957. In 1958 aF cameras 
ihotographed Vanguard |, a 6-inch spherical satellite, at a height of more than 
2500 miles, which is equivalent to photographing a shiny .30-caliber bullet in 
ght at a distance of 200 miles! Accuracy of the resultant observations, when 

he optical data are precision-reduced, in all cases surpasses that obtainable 

from any of the radars. 

' Afifth Baker-Nunn is operated by Canadian forces at Cold Lake, Canada, paral- 

e ig the operations of the four Fourteenth Aerospace Force optical trackers. 

' The U.S. Navy operates the Naval Space Surveillance System (NAVSPASUR), 

hich is technically not a radar system but an interferometer. It employs a nar- 

Ow “fence” of continuous wave radio energy stretching from the Atlantic at 65° 

Longitude to the Pacific at 135° West Longitude and at approximately 33° 

North Latitude. The most significant contribution of this detection system is its 

ibility to identify quickly the number of pieces associated with a launch or 

eakup, as was the case when a Titan IIIC rocket body exploded and produced 

ore than 400 individual objects. This identification is important to NORAD, to 

keep track of all man-made objects in orbit and identify new satellites as quickly 

iS possible. 

- Keeping books on all earth-orbiting man-made satellites is a key function in 
‘the generation and maintenance of a space catalog. The Space Defense Center 






















































uses data from cooperating sensors belonging to such agencies as the national 
Aeronautics and Space Administration (NASA) and the Smithsonian Astrophysi- 
cal Observatory. Satellites are kept under surveillance throughout their in-orbit 
life by a set of mathematical parameters, which are updated as often as neces- 
sary to insure accuracy. The current set of parameters for each satellite is kept 
in Cheyenne Mountain for operational purposes. All outdated sets are kept at 
Ent are for historical purposes. Both current and historical parameters are but 
one support provided to military and civilian agencies having a bona fide re- 
quirement for satellite data. 

The Space Defense Center keeps a close watch on satellite decay and close 
approach information. Decay information is provided through a computer pro- 
gram named Tip, for Tracking and Impact Prediction. Close approach informa- 
tion is provided through a computer program called comso, for Computation for 
Miss Between Orbits. With the highly sophisticated, special perturbations TIP 
program, Space Defense Center personnel analyze the decay trajectory of each 
satellite that has a possibility of surviving atmospheric re-entry and impacting 
the earth. Advance information is provided to a host of user agencies on the 


predicted impact area and time frame. Of course, most satellites analyzed 
Continued on page 78 


Fylingsdale Moor, England. A sheep bemused—by the photographer, or by the BMEWS scene? 
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Thule AB, Greenland. Snow re- 
moval gets under way before the 
storm dies, to clear the 13-mile 
road from the BMEWS site to the 
main base of 12th Missile Warning 
Squadron. . . . The site at Clear, 
Alaska, completes the BMEWS arc. 




















Thule Early Warning Center processes and trans- 
tits to Hq NORAD, within seconds of receipt, 
data on detection by BMEWS of any object 
that could conceivably be a threat to North 
America. . . . USAF personnel manning the 
BMEWS Tactical Operations Room maintain con- 
stant alert. . . . The AN/FPS-92 tracker at 
Clear AFS, Alaska, is part of worldwide net. 
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The control and display panels for the 
AN/FPS-85 phased-array receiver modules, 
popularly referred to as the “pinball 
machine.” . . . Instead of using a me- 
chanically rotating antenna, the AN/FPS- 
85 phased-array radar at Eglin AFB, 
Florida, projects a phased signal from 
an array of 5184 transmitter modules on 
the building's sloping south side. The 
radar echoes are detected by its hexag- 
onal array of 4660 receiver modules. . . . 
Another view of data display for AN/FPS-85. 





through the TIP program do not survive re-entry. Even so, their spectacular” 
celestial cremations have provided hardly less credence to science fiction than: 
that lent by the few pieces which have survived re-entry and impact. 
The COMBO program supports NASA in each manned space mission, from pre- 
launch to re-entry. Before the launch the proposed spacecraft trajectory is ana-— 
lyzed to determine if satellites already orbiting the earth pose any potential 
danger of collision with the manned spacecraft. As soon as the manned space- = 
craft goes into orbit, the orbital parameters are calculated and processed to see © 
if there has been any change from prelaunch calculations. This process is con- 4 
stantly repeated, and the information is provided to NASA’s mission control © 
throughout each mission. To date, NASA has not had to maneuver a manned ~ 
spacecraft to avoid a collision with another satellite; however, Apollo astronauts | 
have tracked passing satellites with ComBo calculations. 3 
The Computational Center of the First Aerospace Control Squadron runs three © 
computers 24 hours a day, performing some combination of 626,950 additions © 
or subtractions, 199,400 multiplications, and 79,680 divisions each second to ~ 
support the Space Defense Center. The second of the three computers is used © 
full-time in storing and using as many as 32,768 computer words of 48 binary © 
bits per word in core, plus up to 361 million alphanumeric characters on mag: ~ 
netic tape, in support of the Missile Warning Center and the processing/display © 
system of NORAD Cheyenne Mountain Command Post. The third computer, 
standing at the ready to replace either of the other two at a moment's notice, is © 

















A “fence” is used in the Naval Space Sur- 
veillance (NAVSPASUR) system. ee 
The Baker-Nunn camera, NORAD’s best 
instrument for detecting and _ tracking 
objects in space, can photograph one of 
basketball size at 25,000 miles. They 
are operated by Canadian Air Defence 
Command and Smithsonian Astrophysical 
Observatory as well as the USAF. By 
correlation with known star backgrounds, 
Baker-Nunn photographs determine sat- 
ellite position with great precision. . . . 
Examined against a template, Baker- 
Nunn film pinpoints the sought object. 





_ kept busy supporting all areas of Cheyenne Mountain in their computational 

support needs. A fourth full-time on-line computer is dedicated to the Missile 
Warning Center, to insure continuous capability to provide maximum warning of 
ballistic missile attack on North America. In the near future even these ma- 
chines will be reminders of the past as new computers are integrated into the 
worldwide command and control system. 

The Computational Center provides personnel to operate on-line and off-line 
equipment used in support of all systems. Three computers are used to access 











Film strip section from a Baker-Nunn camera shows the movement of a satellite in relation to stars. 


the on-line computers by magnetic tape input and to act as backup input and 
output communications system for the Space Defense Center. A magnetic tape 
library stores backup tapes on hand, in the event of a malfunction that might 
render a primary tape inoperable, and keeps clean tapes for routine operations. 


IN SPITE of the apparent nonchalance of today’s space-age society, Space De- 
fense Center visitors come out of Cheyenne Mountain blinking in the sunlight 
and a little staggered at all they have seen. The nerve center of the space age is 
a Buck Rogers descendant of the War Room strongholds of World War Il. 


Det 8, 14th Missile Warning Squadron (ADC) 
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» THE UNIT COMMANDER 
» AND THE BUREAUCRACY 


LIEUTENANT COLONEL ARTHUR C. MussMAN 







IN I was younger and dumber, 
4 I was operations officer in a combat 
group. I worked for a commander who 
was highly enthusiastic about new ideas. sc anaihtllee 
One day I got a new idea and drafted a sc 
paper proposing a change in operational a aly 
procedures. I took it to my commander 
for coordination before sending it forward 
to higher headquarters. It is an understate- 
ment to say that he approved of the idea. 
He was overwhelming in his enthusiasm. 
He insisted that I prepare the paper for 
his indorsement through command chan- 
nels. This very favorable reaction to my 
efforts did wonders for my self-esteem. 
For several days I cruised around on 
t cloud nine, in total awe of my perspicac- 
3 ity. 

The letdown was quick and painful. I 
got a call from the director of operations 
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at division. He gave me holy hell for submitting 
operational matters out of channels. If he had let 
me say anything other than “But Sir—” I would 
have explained to him that, according to the 
organizational charts I had seen, my channel 
was through my commander to his commander 
to him. It was a very effective chewing out; I 
never did it again. 

To salve my bruised ego, I did try to find out 
why those lines on the organizational charts 
don’t go the same route as correspondence 
should go. A month or so later, when the direc- 
tor of operations had cooled off, I asked him 
why he got so hot about the routing of my 
paper. He explained that it was very upsetting 
to his operation and composure to have his 
commander wave my paper at him and ask 
questions for which he wasn’t prepared. He 
suggested that a better way would be for the 
paper to go to division operations where it 
could be studied and a position established be- 
fore the division commander was briefed. I 
accepted his explanation as a logical way of 
doing business, but I still couldn’t relate it to 
Air Force line-staff organization. I wrestled 
with this problem off and on for a while and 
finally achieved a significant “Aha!” 

If my paper, I hypothesized, had not been a 
procedural change but something mundane, 
such as a daily operational report, I would not 
even have considered submitting it to division 
through command channels. I would have sent it 
directly to the division operations shop with 
the rest of the routine correspondence. I real- 
ized there were important channels between 
staff elements at various levels of command and 
that certain items must be kept in these chan- 
nels. There must be a fundamental difference 
between matters that are handled within staff 
channels and those that are handled in com- 
mand channels. Once, this difference could be 
explained in terms of routine and nonroutine 
matters, but the situation has changed in the 
past few years. I concluded that the distinction 
was now between bureaucratic and extrabu- 
reaucratic matters. The staff would then rep- 


resent the bureaucracy. Commanders and 
command channels should be considered ex- 
trabureaucratic: outside of and pecking away 
at the bureaucracy. The purpose of this article 
is to explain my ideas on this concept and why 
I feel this point of view is important. 


| Loox at the modern Air Force 
as a heavy bureaucracy superimposed on a sim- 
ple military line-staff organization. Let me illus- 
trate with some generalized history. Once upon 
a time, military weapons were either pointy or 
sharp or both. The tasks of the military man 
were few and simple. A commander knew all 
there was to know of the arts of his warriors. 
Included in this body of knowledge were the 
then simple support functions: how to repair 
spears and shields; how the communications sys- 
tem worked (voice, messenger, and semaphore); 
the pay system (booty); and logistics (forage). As 
armies grew to a size beyond the capabilities of 
one man to handle, subordinate commanders 
were appointed, not specialists but generalists 
who knew everything there was to know about 
running a unit. Things were simple enough 
then that a commander could comprehend and 
direct all of the work in his unit. 

But armies grew in complexity as well as 
size. New weapons, such as siege and artillery, 
required materiel that was beyond the capabil- 
ity of the soldiers to carry on their backs. These 
weapons also required specialized knowledge 
for their proper operation, knowledge that was 
not required of everyone in the force. So the 
military staff developed, not in reaction to the 
increasing size of the forces but rather to cope 
with the increasing complexity of the deployed 
army and its weapons. Like Topsy, it grew and 
grew. 

In the present-day Air Force, staff duty rep- 
resents a fantastic complexity and volume of 
work. The staff has. grown at a pace with tech- 
nology, which has literally exploded in this 
half-century. The increase in the number and 
intricacy of our weapons has required larger 
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and more intricate management systems. 

The command structure, on the other hand, 
is still limited by the human capabilities of the 
commander. It is impossible that he could 
comprehend and oversee all of the work done 
in his unit; he would quickly run out of time 
and brain cells. So staff work has increased in 
both breadth and depth while the proportion of 
matters acted upon directly by the commander 
has become a smaller and smaller part of the 
total workload. The commander’s knowledge of 
his operation has become a generalist’s knowl- 
edge. Detailed information about staff activities 
is retained within the staff structure, passing 
from unit to headquarters through staff chan- 
nels. Only general “How goes it?” information 
is reported through command channels. The 
proliferation of computers has started a trend 
toward reporting raw data, which are then col- 
lated and evaluated at the receiving headquar- 
ters rather than in the field. It is an unfortunate 
by-product of this process that a wing com- 
mander may have regular access to detailed 
data on a squadron’s operation before the squad- 
ron commander gets the same information. 

As the commander is directly involved with 
less and less of the routine work of his unit, a 
significant tendency emerges. He is only infre- 
quently consulted by his staff for solution of the 
technical problems arising within the staff area, 
for the staff officer quickly learns that the 
commander rarely has the technical expertise 
or current knowledge he seeks. A much more 
lucrative source of help is the corresponding 
staff element at higher headquarters, which can 
be depended upon to be intimately familiar 
with the problem at hand. In this manner the 
higher headquarters staff can influence the 
daily operation of a unit on an informal basis 
without using command channels. 

Neither of the two trends has detracted one 
whit from the authority of the commander, but 
they have taken from him the initiative to use 
some of his authority. He is, in effect, a bystand- 
er to a significant portion of his command's 
operation. 








IN MY OPINION 85 


The situations just described illustrate the 
trends of modern Air Force organization. 
While the trends are generally in the direction 
of centralization, it is not centralization toward 
the commander of each component organiza- 
tion but “up and away” from the commander, 
from staff to higher headquarters. One might 
say the flow of centralization is from the squad- 
ron staff element up functional channels (staff 
element to staff element) to the level where the 
decision is made or the program is monitored. 
This is not a classic bureaucratic model. A bu- 
reaucracy functions through the chief of each of 
the component organizations, depending on 
him to define and implement procedures in his 
area of responsibility. The Air Force unit 
commander no longer fits into this pattern. He 
does not, as a rule, define and implement 
procedures in his area. This function has been 
largely taken over by the staff. The modern 
staff officer, in fact, appears more like the chief 
of a bureaucratic unit and less like an adviser 
to the commander. In this sense, an Air Force 
unit seems more like a collection of bureau- 
cratic units, each receiving guidance and direc- 
tion from the corresponding higher echelon. 
From this point of view, the commander’s role 
appears integrative rather than directive. He is 
outside the bureaucratic flow. He still has con- 
trol over his people, but he has less and less 
control over what they must do. 

I don’t mean to imply that the commander is 
not responsible for the effectiveness of his unit. 
He certainly has the ability to identify and 
shore up his weak elements. Many management 
techniques have been developed specifically for 
controlling the output of complex technical 
operations. 

But there has been an erosion of the com- 
mander’s authority in those areas integral to 
the functioning of the bureaucracy. The operat- 
ing procedures of his unit’s activities are, in 
most cases, specified by the bureaucracy. The 
unit commander has very little say as to what 
his unit will do and by what method they will 
do it. In addition, many traditional functions of 
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command, such as job assignment and promo- 
tion, are less under his control than they have 
been in the past. For exampie, consider the 
implications of the Weighted Airman Promo- 
tion System (waps). Less than fifty years ago 
enlisted grade was assigned by the organization 
commander. He could promote a man from 
private to master sergeant on one day and bust 
him back to private on the next day if he 
wished. In evolutionary steps, the promotion 
system has moved to a point where a man’s 
grade now depends on his position in the Air 
Force relative to the rest of the force and irre- 
spective of his job in his unit. It has completely 
turned around. Where once a man was assigned 
grade by the commander according to his job, 
he is now assigned the job according to his grade 
and skills. There are certainly good and just rea- 
sons for this evolution, from both the manage- 
ment and human relations aspects. But the com- 
mander’s ability to do what he felt was good 
for his unit has given way to a system to improve 
the Air Force as a whole. waps is bureaucracy, 
99 percent fair, impersonal, centralized, and 
reducible to numbers and rules for simplified 
nonjudgmental application. Fortunately, the per- 
sonalized and individualized authority existing 
in the waps program is assigned to the com- 
mander. He can exert a significant influence on 
the promotion or nonpromotion of airmen in 
his organization if he desires. All in all, waps is 
a typical example of the encroachment of cen- 
tralized bureaucracy into an area that was once 
a commander's prerogative. 


Ler US EXAMINE the characteris- 
tics of a bureaucracy and try to establish a 
specific relationship between the commander 
and this burgeoning phenomenon. From a pub- 
lic administration standpoint, a bureaucracy is 


. an interrelated aggregate of positions and 
incumbents. It is relatively stable, existing usually 
for the purpose of fulfilling permanent and contin- 
uing needs of the community. It is rational, not 
intuitive or haphazard. It is based on general, not 








personal considerations. Personalities come and go, 
but the organization maintains a life of its own; 
many are now ancient, and short of catastrophe or 
collapse, they will persist indefinitely. In all their 
parts, organizations are based on purpose and 
function. Their backbone is the hierarchy and the 
acceptance of the superior-subordinate relation- 
ship in mutual arrangements of authority, respon- 
sibility, and obedience.’ 

Notice how important structure is to this def- 

inition. Dr. Laurence J. Peter, with his typical 

lack of reverence, emphasizes this point: 


Internal bureaucratic organizational structures, 
procedures, and forms are valued more highly than 
output or public service. The pressure . . . upon 
the official is to be methodical, prudent, and cau- 
tious in protecting the rituals of the bureaucracy. 
He adheres to formal officialdom and punctilious 
conformity to the ritualistic procedures. His pri- 
mary concern with conformity to the rules inter- 
feres with his producing output or providing ser- 
vice to the public.” 
Both these quotations agree that the bureau- 
cratic structure is given value above and be- 
yond the service that it performs. There is a 
tendency to preserve the system and a ten- 
dency tv view things from the system’s point of 
view. The inclination of the bureaucracy is to 
provide only those services for which there are 
established procedures. Since our first definition 
states that bureaucracy is based on general, not 
personal, considerations, the product tends to 
serve the general needs of classes of people, not 
the specific needs of specific individuals. This is 
frustrating for those whose needs are unique 
and different from the general needs. 

One more idea should be inserted here. A 
large part of the Air Force bureaucracy is dedi- 
cated to satisfying the needs of the people who 
operate the bureaucracy. In other words, Air 
Force people both serve and are served by the 
bureaucracy. A feedback loop is implied here. 
If, for example, a staff sergeant in Supply gets 
the idiot treatment from Personnel, Civil Engi- 
neers, Dispensary, and the Finance Office, it is 
bound to have an effect on his perception of 
the services he should provide his customers. 
There is a distinct possibility that the services 
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within a unit or a base may slowly grind each 
other down to a minimum-effort operation. In 
other words, the quality of the services pro- 
vided by a bureaucracy has an effect on the 
performance of the workers in a bureaucracy. 
This is highly possible in an Air Force opera- 
tion because Air Force people are dependent 
on the Air Force for so many of their needs, 
both professional and personal. 

One should be able to see a role for the 
commander here—to monitor the quality of his 
organization’s output and see to it that his 
people’s needs are fulfilled. In this.manner the 
commander maintains the quality of the work 
input to the bureaucracy. This is such a basic 
function of modern leadership that one may 
wonder why I went to such lengths to develop 
the idea. My justification is that I wanted to 
develop the idea in the context of the com- 
mander’s relationship to bureaucracy. Unable 
to cope physically with the entire complexity 
of his unit’s operation but equipped with a 
significant amount of authority, he stands at the 
fringe of the bureaucratic activity of his unit. 
He is in the perfect position to evaluate the 
bureaucracy on the basis of the service it pro- 
vides the people of his unit and his country. He 
is a nonbureaucrat with authority in the midst 
of a bureaucracy. He can kick the monster in 
the rear and get it to perform in a logical and 
humane manner when necessary. 

How does one transmit ideas and attitudes 
through a bureaucracy? Unfortunately, the bu- 
reaucratic system is ill equipped to process ideas 
and attitudes. The very nature of bureaucracy 
requires that ideas and attitudes be converted 
to programs and campaigns before they are 
inserted into the system. For example, suppose 
General Brown wants to project his ideas on in- 
terpersonal relations throughout the Air Force. 
His ideas center on behavior modifications, peo- 
ple’s relations to people, and the social atmo- 
sphere in Air Force organizations. These ideas 
are given to the Air Staff for implementation. 
But ideas can’t be inserted into the bureaucratic 
process. They have to be distilled into a system 
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compatible with the structure and procedures of 
bureaucracy. So the Human Relations Program 
is born. But look at the program! Office space, 
training programs, new staff positions, reports— 
all this bureaucratic folderol to facilitate the 
implementation of General Brown’s ideas. Yet 
any autocratic, red-necked, inaccessible racist 
can implement this program to the letter with- 
out including General Brown’s ideas. He can 
implement the program without support or 
drive, which is a waste of time and money. 

So you see, it isn’t the program that is impor- 
tant but the ideas behind the program. Since 
the bureaucracy can’t process these ideas, how 
does the commander get them? Through com- 
mand channels! I went to great lengths to show 
that commanders are not in the mainstream of 
bureaucracy. I did this so I could propose that 
a major function of command channels is to 
transmit ideas and attitudes to all levels of the 
Air Force. The body goes through the bureau- 
cracy, but the soul travels command channels, 
thus clarifying the role of the Air Force com- 
mander. It puts him back in the center of his 
outfit. It gives him control of the spirit of his 
unit. 

We can accrue advantages from the idea of 
the commander as a nonbureaucrat. Let’s look 
at these exploitation advantages. Two command- 
ers were discussing their philosophies of 
command. One said, “The Air Force is like a 
Big Daddy. It has a program and system to 
take care of all the jobs that have to be done. If 
everybody would stick with the system, all 
problems would be resolved. We have regula- 
tions and manuals to cover every situation. It is 
my job to see that these regulations and man- 
uals are followed. The whole secret of usar 
operations is to do everything by the book. 
Special considerations and out-of-channel re- 
quests just screw up the system. If we could 
keep everything in channels and according to 
directive, the Air Force would run like a 
well-oiled machine.” 

The other commander replied, “My view of 
the Air Force is more like a Big Framework. 











88 AIR UNIVERSITY REVIEW 


The programs and systems exist to bulk-process 
routine matters. The needs of the Air Force 
and its people are so many and varied that it 
is impossible to anticipate them all. In addition 
to the framework, we must have supplementary 
processes where unique needs and situations 
can be personally evaluated and processed as 
justified exceptions or revisions to the system. I 
consider this supplementary process as a func- 
tion of command and the purpose of command 
channels.” 

We can see that the “Big Daddy” concept 
forces everything through the system. It is 
based on the idea that people in the Air Force 
have “government-issued needs,” and threats to 
national security will be in accordance with Air 
Force doctrine. Dr. Peter was talking about 
“Big Daddy” when he said: 

Most hierarchies are nowadays so cumbered with 
rules and traditions, and so bound in by public 
laws, that even high employees do not have to 
lead anyone anywhere, in the sense of pointing out 
the direction and setting the pace. They simply 
follow precedents, obey regulations, and move at 
the head of the crowd. Such employees lead only 
in the sense that the carved wooden figurehead 
leads the ship.* 


On the other hand, the “Big Framework” ap- 
proach is endorsed in many of the more 
scientific human-relations studies on leadership. 
Consider this statement by James V. Spotts: 


Contrary to what one might suspect, the leaders 
or supervisors of highly productive units—crews, de- 
partments, or divisions—do not appear to devote 
their greatest time and efforts to technical or 
job-oriented functions with subordinates. Rather, 
supervisors or leaders with the best records of per- 
formance focus their primary attention upon the 
human aspects of their subordinate relationships 
and attempt to build effective work groups with 
high-performance goals.* 


| BELIEVE the key to modern Air 
Force unit management lies with the human 
relations approach to leadership, coupled with 


a clear understanding of the bureaucracy and 
its pitfalls. To summarize, I have listed the four 
major bureaucratic tendencies that the com- 
mander must recognize: 

1. The technical complexity and the variety 
of bureaucratic work at the unit level make it 
humanly impossible for the commander to exer- 
cise any more than very general supervision in 
this area. The trend toward centralization in 
the Air Force is not through the commander 
but through functional staffs at the various lev- 
els of command. 

2. Many of the traditional functions of the 
commander have been absorbed by the bureau- 
cracy. He has only limited opportunity of inter- 
fering in the work of the bureaucracy, but he 
still has sufficient authority to insure that the 
work is accomplished to his standards. 

3. In offering services, the bureaucracy must 
relate to the general or most prevalent condi- 
tion rather than to the specific conditions of 
each situation. In other words, it is impersonal 
and general in nature. A large number of the 
life needs of Air Force people are provided by 
the bureaucracy; Air Force people both oper- 
ate and are served by the bureaucracy. In terms 
of quality, their perception of what they should 
put into it will be colored by what they get out 
of it. 

4. Bureaucracy deals in programs and proce- 
dures and is incapable of transmitting ideas. 

If the commander considers himself to be a 
part of the bureaucracy, he will be preoccupied 
with keeping his unit’s activity within the lim- 
its of the bureaucracy. Since he chooses to 
work within the system, his role perception 
cannot extend beyond what the bureaucracy 
can accomplish. Consequently, the four indi- 
cated characteristics will create weaknesses in 
his organization. But if the commander disas- 
sociates himself from the bureaucracy, he is 
then in a position to provide what the bureau- 
cracy cannot provide: personal service, objec- 
tive judgment, ideas, and attitudes. He is in a 
perfect position to judge the needs of his people, 
his mission, and his organization. And he has 
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the capability to act, both within and without 
the system, in order to correct deficiencies and 
oversights. He can be responsive to the ideas 


Notes 

1. Leonard D. White, Introduction to the Study of Public Administration, 4th 
ed. (New York: Macmillan, 1955), p. 42. 
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3. Laurence J. Peter and Raymond Hull, The Peter Principle (New York: 


THE NIXON DOCTRINE- 


IN MY OPINION 89 


and attitudes that give life to the programs in 
his unit. He is a leader rather than a figurehead. 
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A NEW ERA IN FOREIGN POLICY? 


Major H. A. STALEY 


Let every nation know, 


whether it wishes uc well or ill, that we shall 


pay any price, bear any burden, meet any hardship, support any friend, 
oppose any foe, in order to assure the survival and the success of liberty. 


RE we entering a new era in American 
foreign policy? What is the Nixon Doc- 
trine telling us? Is it merely an elaborate excuse 
for withdrawal from Southeast Asia, or is it a 
new philosophy that will color major policy 
decisions in the future? A broad public state- 


Joun Frrzceratp KENNEDY 
Inaugural Address 
20 January 1961 


ment, such as that embodying the Nixon Doc- 
trine, definitely is a profitable subject for exam- 
ination, in that the viewpoint may become a 
theme. An additional reason to take notice of 
stated doctrine is the fact that American Presi- 
dents are the chief architects of American for- 
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eign policy. Their perception of national goals, 
international conditions, and U.S. vital interests 
can tell us much about “What’s happening” and 
“Why did he do that?” 

Whether or not we are entering a new era in 
foreign policy, the fact that something is hap- 
pening in America seems obvious to all. Presi- 
dent Kennedy’s general foreign policy philoso- 
phy, encapsulated in the famous Inaugural 
Address of 1961, is considerably out of step 
with the popular political tunes being played 
today. Why? Why is President Nixon saying 
that we won't “pay any price” or “bear any 
burden”? The longest and most frustrating war 
in American history had a great deal to do with 
the reassessment of our foreign policy. The 
Vietnam war has been called the “misunder- 
stood war” by several contemporary writers, 
and I suspect one of the reasons it is so misun- 
derstood stems from the difficulty of trying to 
superimpose 1945-65 values and frames of 
reference on a unique 1965-70 situation. 

President Nixon sorted through the foreign 
policy legacy inherited from Pres:dents Tru- 
man, Eisenhower, Kennedy, and Johnson and 
perceived that it no longer answered the needs 
of a vastly altered world environment. The 
days of war-torn Europe and the Communist 
monolith belonged to a different era. President 
Nixon’s perception of the world was clearly 
stated in his report to the Congress on 9 Febru- 
ary 1972. In stressing the fact that the postwar 
period had ended and that a new foreign policy 
was needed to meet the demands of a new era, 
he said: 


I set forth at some length the changes in the 
world which made a new policy not only desir- 
able, but necessary. 

1. The recovery of economic strength and po- 
litical vitality by Western Europe and Japan, with 
the inexorable result that both their role and ours 
in the world must be adjusted to reflect their re- 
gained vigor and self-assurance. 

2. The increasing self-reliance of the states 
created by the dissolution of the colonial empires, 
and the growth of both their ability and determi- 
nation to see to their own security and well-being. 


3. The breakdown in the unity of the Commu- 
nist Bloc, with all that implies for the shift of 
energies and resources to purposes other than a 
single-minded challenge to the United States and 
its friends, and for a higher priority in at least 
some Communist countries to the pursuit of na- 
tional interests rather than their subordination to 
the requirements of world revolution. 

4. The end of an indisputable U.S. superiority 
in strategic strength, and its replacement by a 
strategic balance in which the U.S. and Soviet 
nuclear forces are comparable. 

5. The growth among the American people of 
the conviction that the time had come for other 
nations to share a greater portion of the burden of 
world leadership; and its corollary that the assured 
continuity of our long term involvement required 
a responsible, but more restrained American role.' 


And so, once again, an American president is 
altering the basic course of American foreign 
policy. There have been few periods in Ameri- 
can history that were as active internationally 
as President Nixon’s first term: the shifting of 
priority away from Southeast Asia as a vital 
area in the balance-of-power equation, the saLT 
accords, the Russian trade agreement, the joint 
U.S.-Russian space program, the Moscow 
summit and subsequent visit to the People’s 
Republic of China (we used to call it “Red 
China” during President Kennedy's tenure, 
remember?), the drastic measures to improve 
the international monetary and trading system; 
the removal of Russian technicians from Egypt 
at President Sadat’s request, the free election of 
a Marxist president in the western hemisphere 
(Chile), the thaw in East and West German 
relations, and a host of other actions that would 
have seemed impossible in 1950 or even as re- 
cently as 1960. 

What, then, is the Nixon Doctrine? What is 
the new role that he sees America playing in 
world affairs of the 70s? Some general themes 
emerge: 

* A growing number of Americans are 
tired of direct and proionged U.S. military 
intervention in the defense of an area where 
U.S. interests are limited. If we ever again 
commit troops to defend another nation, Amer- 
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icans must perceive the threat as a real one. 

* While Russia and the U.S. are still the 
two dominant powers, there are other areas, 
such as Western Europe and Japan, that are 
becoming increasingly self-sufficient. With the 
U.S. providing the “nuclear umbrella,” these 
nations are becoming increasingly capable of 
providing for their own conventional defense. 
They have been encouraged to do more by the 
U.S., and they are doing more. America will 
continue to cooperate as an equal partner. 

* There is no longer a fear of mono- 
lithic Communism. The Communist world has 
been shattered by the Sino-Soviet split, by 
emerging nationalism in the east European sat- 
ellites, and by the inability of Russia or China 
to dictate policy to smaller Communist nations 
such as North Korea, North Vietnam, Cuba, 
and Yugoslavia. 

* In the less developed world there was 
less postindependence violence than we had 
anticipated. We also saw that giving large sums 
of money to a nation was not the best way to 
build friendship, nor did the Communist na- 
tions have much success in exporting their 
brand of revolution to fiercely nationalistic 
countries. 


* Nations, both developed and less de- 
veloped, seem to be operating more indepen- 
dently. This does not imply that international 
cooperation is on the decline but merely that 
cooperation is given only when it is in the 
pragmatic self-interest of the cooperating na- 
tion to do so. Self-interest, of course, has always 
been the motivation for nations to cooperate, 
but now pragmatism appears to be more im- 
portant than philosophical dogma. Russia, for 
example, is seeking trade with the West be- 
cause she wants to expand her economic struc- 
ture and for a variety of other reasons. 

* Another vital change is in the strate- 
gic weapons equation. The overwhelming supe- 
riority we had after World War II has ended. 
Russia has devoted a significant portion of its 
national wealth to arms production, and Presi- 
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dent Nixon refers to “nuclear sufficiency” 
rather than to “superiority.” It also appears 
that arms control and a de-escalation in the 
arms race would be in the best interest of both 
nations. The strategic equation was further 
jolted with the proliferation of nuclear weapons 
or capabilities in China. American postwar pol- 
icies, built on nuclear “smugness,” are no 
longer valid in a world environment of two or 
more other nuclear powers. 

* There is a greater tolerance, perhaps 
a growing maturity, toward less democratic 
governments. American democracy is viewed 
by more and more people as a unique occur- 
rence. They are realizing that other nations 
develop along lines that are unique to their cul- 
ture, values, ethics, mores, and social structure. 

* There is a growing awareness that our 
ability to control or influence a repressive for- 
eign government is extremely limited, if not 
altogether impossible. Dealing with a foreign 
nation economically, politically, and/or cultur- 
ally, even though its citizens may be repressed 
(by our standards), is more realistic than ignor- 
ing it out of self-righteousness. Furthermore, 
Americans appear to be less ideologically ori- 
ented than they were twenty years ago. 
Changes, of a very basic nature, have occurred 
in the world since World War II. The world is 
smaller politically and philosophically than 
ever before, arid there are major problems of 
pollution, population, and energy which na- 
tions may have to face as a group for solution 
and survival. 


President Nixon’s plan is a threefold attempt 
to serve U.S. interests in this new environment 
by 

negotiating with adversaries. Regardless of 
their philosophy of government, we must at- 
tempt to find some common ground for agree- 
ment and mutual benefit. 

—working for a greater partnership with U.S. 
allies, in which each nation is encouraged to 
make a greater contribution toward its own 
defense (“Do it yourself”). 
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—preserving America’s strategic strength for 
security. We maintain our sufficiency in arms 
as a “bargaining chip” while attempting to 
reduce the overall level of strategic weapons 
among all nuclear nations and working toward 
universal control of weapons in space and on 
the ocean floor.” ret 


Wi rT work? Will President Nixon be able to 
establish a foundation for peace that future 


Notes 


1. Richard Nixon, “U.S. Foreign Policy for the 1970s—The. Emerging Struc- 
ture of Peace,” A Report to the Congress on February 9, 1972, reprinted in 
Department of State Bulletin LXVI, 1707 (March 13, 1972), 314. 


Presidents can build upon? Ten or twenty years 
from now we will be able to reflect on the suc- 
cess or failure of the Nixon Doctrine. Until that 
time, perhaps it is enough to realize that we 
have passed through a thirty-year period of 
major change in world relationships and that an 
American President, recently re-elected with a 
mandate, is the architect of a new doctrine that 
he hopes will meet the challenge. 


2. Richard M. Nixon, “The Real Road to Peace,” written by the President 
exclusively for U.S. News and World Report magazine, June 11, 1972. pp. 
32-41. 
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WHERE THERE’S PAIN 
THERE’S HOPE 


Military Professionalism 
in the Dock 





And is there anything more important 
Mayor Davin Maclsaac than that the work of the soldier should be done well? 
Plato, The Republic 


hy = one in the July 1971 issue of Foreign Affairs, Colonel Robert G. Gard, 
Jr., usa, asserted that “the armed forces of the United States are in the 
throes of what is popularly termed an identity crisis.” After taking note of 
increasing criticisms leveled at the services, along with certain already implemented 
institutional reforms reflecting the concern of the services over those criticisms, 
he went on to address the deeper problem of “the search to adapt traditional 
concepts and practices of military professionalism to changing requirements and 
radically new demands.” * Although the general run of conversation around the 
stag bar would lead one to think that the Colonel was whistling in the dark, the 
spate of books and articles addressing similar themes over the past year or two 
suggests that he was not alone. For those whose duties keep them from following 
the current literature, a review of some of the more significant contributions to the 
debate over military professionalism might prove helpful or suggestive. 

It could equally well prove irritating. Many career officers have had it with the 
critics, whether they come from within or without the services, and appear 
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satisfied to withdraw behind the ramparts that 
divide “us” and “them.” Unhappily, however, 
problems tend to get worse rather than better 
in response to such an approach or attitude. 
Also, if change is coming—and it most surely is, 
in one form or another—those within the service 
have an obligation, as well as a vested interest, 
to assure that change evolves from within rather 
than be dictated from without. Or, as the editors 
of the professional journal of the U.S. Army put 
it, 
One of the marks of any professional man is par- 
ticipation in the process of professional develop- 
ment and betterment. A very real part of this 
process is free and open discussion of matters 
which are leaving, or will leave, a profound influ- 
ence on the profession. Stand up and be counted. 
Unleash your pens! * 


Arrer well over a century of un- 
certainty, the question of whether the officer 
corps of the military services should be con- 
sidered a profession, comparable to the tradition- 
al view of medicine and law, was answered in 
the affirmative by the opening of the 1960s. The 
seminal (if nonetheless controversial) works of 
Walter Millis, Samuel P. Huntington, and Mor- 
ris Janowitz are now recognized as classics.* 
Huntington drew the initial model by identify- 
ing the three basic characteristics of any pro- 
fession: a distinctive expertise, a strictly regu- 
lated responsibility to society, and a sense of 
corporateness (or of organic unity and conscious- 
ness as a group apart from ordinary laymen).* 
These characteristics, he convincingly argued, 
fit the officer corps as well as the more tradi- 
tional professions.” In the 1962 Lees Knowles 
Lectures at Trinity College, Cambridge, General 
Sir John Winthrop Hackett put the seal of ap- 
proval on Huntington’s analysis and went on to 
single out one other element that makes the mili- 
tary profession unique among all other profes- 
sions: the unlimited liability clause that applies 
to the military life. 


The essential basis of the military life is the or- 
dered application of force under an unlimited lia- 


bility. It is the unlimited liability which sets the 
man who embraces this life somewhat apart. He 
will be (or should be) always a citizen. So long as 
he serves he will never be a civilian.® 


Adding Sir John to Huntington, we find mili- 
tary professionalism defined as encompassing 
expertise, responsibility, corporateness, and a 
willingness—indeed even a duty—to lay one’s 
life on the line. 

By the middle of the 1960s, the debate over 
military professionalism began to lag as serving 
officers found their attention increasingly di- 
rected to more urgent challenges in Southeast 
Asia. But not before Colonel Russell V. Ritchey 
reminded us in these pages of yet another char- 
acteristic of the military profession, one that 
most civilian academics had overlooked and 
most senior officers seemed more ready to con- 
done than condemn. 


The military profession is unique in that, unlike 
law or medicine, its members are in competition 
with one another, whether as colleagues, allies, or 
potential enemies. Branches of one service are in 
competition, each to play as important a combat 
role as the other, . . . Services of one nation are 
in competition, each to develop the art of war as 
it applies to its environment and expertise.’ 


Competition, encouraging the competitive spir- 
it, sayeth the military ethic, is a good thing. 
(“Here on the fields of friendly strife are sown 
the seeds——”) How could it be otherwise? 
Isn’t war our business? It’s too bad the answer 
is not as simple and clear-cut as we would like. 
Sometimes it is and sometimes it isn’t (vide 
sac’s “Peace Is Our Profession”); and the 
conflict, whether in our minds or emotions, 
over the essence, aims, and goals of military 
professionalism strode headlong into the jungles 
and skies of Southeast Asia. There military 
professionalism took some hard knocks, not all 
of which could be blamed on men in uniform 
and which led in turn to a reopening at home 
of the whole question of the role of the military 
in our society. 

As usual, the Army came in for the first, the 
loudest, and the most criticism, whether from 
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within or without. (For reasons never quite 
c‘ear to me, the Air Force can absorb the re- 
lieving of a General Lavelle, the Navy the loss 
of a Pueblo, and the Marines another scandal at 
Parris Island, but the Army always takes it 
right on the chin.) By 1972 the Army found it- 
self faced with what one of its own character- 
ized as a manifold crisis: a crisis of confidence, 
born of an “unwon” war, charges of mismanage- 
ment and incompetence, and doubts about the 
future role of ground forces; a crisis of con- 
science, stemming from charges of war crimes 
and official cover-ups, post exchange kickbacks, 
official misconduct, and allegations of self-serv- 
ing careerism; a crisis of adaptation, as the tra- 
ditional hierarchical service attempts to come 
to terms with a revolution in American styles, 
manners, and morals.® 

Interestingly enough, one of the first books to 
raise most of these questions was a novel, An- 
ton Myrer’s Once an Eagle, originally published 
in 1968.¢ Myrer’s hero is Sam Damon, the 
archetype of the pure. romantic, yet rugged 
American hero. From Walt Whitman, Nebraska 
(“ood farming country, on the great south bend 
of the Platte River between Kearney and Lex- 
ington”), Damon enlists in the Army during 
World War I, goes on to exceed Sergeant York 
in individual bravery and General MacArthur in 
combat leadership, wins a battlefield commis- 
sion, and then—horror of horrors to the folks 
back home—decides to stay in the Army after 
the war. 

In this day of personnel cutbacks and occa- 
sional promotion freezes, the picture Myrer 
paints of life in the peacetime military of the 
twenties and thirties gives one pause (until, 
perhaps, one recalls that the only USAFer ever 
to rise to Chairman of the Joint Chiefs of Staff 
did so even after serving seventeen years as a 
lieutenant). It’s all there: dreary barracks 
towns; cavalry officers lording it over lesser 
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breeds; decrepit quarters, from which Damon 
gets bumped when outranked by a day or two; 
silly intrigues; and the reappearance now and 
then of Courtney Massengale, the archetype of 
the suave, chickenhearted, bootlicking general’s 
aide who, one can sense quickly, will get all the 
breaks. Late in the thirties, while stationed at 
Clark Field, Damon is sent on a special mission 
to Shansi Province, China, to observe the guer- 
rillas of Lin Tso-han (Mao Tse-tung?), who are 
holding down five Japanese divisions. He be- 
comes close to Lin, marvels at his irregular 
tactics and continuing successes against in- 
superable odds, returns to Manila, and writes a 
brilliant report for the Army on “the most 
significant development in warfare of this cen- 
tury.” He then sees his report shoved 
into a desk drawer with a finality that was all too 
apparent. They were not, he was informed, overly 
concerned about the antics of unwashed guerrillas; 
the focus of interest was the Republic of China 


and the Japanese drive on Changsha. He saluted 
and left.’ 


World War II comes, and Damon again ex- 
hibits both superb combat leadership and superb 
disdain for everything else. He rises to the rank 
of major general by war’s end (Courtney Mas- 
sengale goes all the way up) and then retires, 
satisfied in his own mind with his life’s work. 
In the early sixties he is recalled for a special 
observer mission to the Delta in Khotiane 
(Vietnam?), where he is killed by a guerrilla 
while sitting in a seedy little café near the 
airfield of Pnom Du (Soc Trang?). Courtney 
Massengale is COMMACK (COMUSMACV?), but 
Sam Damon dies as he had lived, believing to 
the end that the romantic, spendthrift, moral 
act is ultimately the practical one; that the 
practical, expedient, cozydog move is the one 
that comes to grief. 

The literary critics were unimpressed with 
Myrer’s morality tale, finding the plot line melo- 
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dramatic and the characters too pat. One is 
reminded of Edna Ferber’s Giant, in a military 


, rather than a Texas setting. Indeed, as Ward 


Just later wrote: 


. it is astonishing that central casting has not 
grasped the opportunity: Greg Peck/Damon, a 
man so pure of heart and instinct that he could 
only have been drawn from life; George C. Scott/ 
Massengale as the brilliantly suave and ambitious 
general’s aide who has troubles with his sex life; 
Deborah Kerr as the embittered (and finally re- 
deemed) Army brat of a wife; Burt Lancaster the 
sturdy colonel; Pat O’Brien the faithful sergeant. 
There is no role for Dustin Hoffman.'° 


Once an Eagle was widely read among Army 
officers and the Corps at West Point. Appear- 
ing in paperback almost coincidentally with 
public disclosure of the My Lai episode, the 
novel raised a basic question in many minds: 
Which is more characteristic of the modern 
Army officer, Sam Damon or Courtney 
Massengale? 

Three books subsequently appeared—one by 
a civilian, one by a retired officer, and one by 
an active duty officer who has since 
resigned—that variously addressed that ques- 
tion, among others. Taken together, they an- 
swered that Sam Damon is still amongst us but 
that he usually finds himself on the losing end 
of the struggle against Courtney Massengale 
(for which read self-centered careerists and/or 
the stupidities and caprice of “the organiza- 
tion”). 

Ward Just’s Military Ment came out in De- 
cember 1970, following a preview of much of 
it in the October and November issues of The 
Atlantic. Just, a correspondent for the Wash- 
ington Post, had published two earlier books: 
To What End, a critical account of the war in 
Vietnam (1968), and A Soldier of the Revolu- 
tion, a novel (1970). In addition to the fact that 
he writes very well indeed, Just has an amazing 
insight (for an “outsider”) into the nuances of 
military life; he can lay fair claim to being the 


enlisted man’s David Halberstam. 

Just’s book is about the Army in the year 
1970 (making this reviewer wish that the pub- 
lisher had let Just keep his original title, Sol- 
diers, rather than the more general Military 
Men). To gather data he traveled throughcut 
most of the country, from West Point to Fort 
Hood, Fort Lewis, Fort Bragg, the suburbs of 
Los Angeles. The picture he has drawn is of an 
Army in a state of flux, unsure of its purposes 
and goals, angry at being blamed for things 
done in support of decisions in which it played 
no part, torn between disbelief and disgust over 
the war in Vietnam. His interviews ranged 
from cadets and faculty members at the 
Academy, through the enlisted ranks, all the 
way up to the Army Chief of Staff. “Suspicious, 
resentful, angry beyond measure at what they 
consider to be indulgent and unfair criticism, 
the professionals have drawn together at the 
barricades of the institution,” many looking on 
themselves as walking wounded in the center of 
a monstrous joke: Gary Cooper on a street 
without joy.’ 

Even though Just relies heavily on stereotypes, 
his book is remarkably suggestive and well 
worth reading by Air Force officers. His chap- 
ter on the development of the Sheridan tank, 
for example, has parallels in our own service 
(the TFX, the C-5A), as does his fascinating 
account of the doctrinal struggle under way in 
the Army over future roles and missions— 
essentially between the Leavenworth crowd, 
ever anxious to get back to the North German 
Plain (against whomever, but presumably the 
Russians), and the maop (Military Assistance Of- 
ficers Program) crowd at Bragg who speak of 
the need to “politicize” the Army but who, 
casting anxious eyes at Latin America and Africa, 
can’t seem to decide whether to read the future 
as no more Vietnams or lots of smaller and bet- 
ter Vietnams. 

Perhaps his most valuable chapters are those 





+ Ward Just, Military Men (New York: Alfred A. Knopf, 1970, $6.95), 
256 pages. (Also available in paperback, Avon Books # W310, $1.20.) 
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entitled “The Academy,” “The Generals,” and 
“Futures.” His perception of the mood at West 
Point in 1970 was later borne out by press re- 
ports in mid-1972 of 33 young officers resigning 
while stationed at the Point.!2 Generals, he 
writes, are now managers. “The Army techno- 
crat, careful and circumspect not so much from 
personality as from: training, is on the rise.” The 
root problem, he suggests, is the virtual deifica- 
tion of general officers. 
Respect for authority in the minor things, the sa- 
luting and the spit and polish and vernacular Yes, 
sir, becomes slavishness in the major things. . 
The Army is compulsively anti-intellectual, as op- 
posed to being anti-brains. Brains do not lock a 
man out, imagination does. The system does not 
yield to it, any more than it does to doubt; ideas 
are tested not in give and take, but in conformity 
to doctrine. . .. Deny the status quo and you deny 
your own career.!® 


Those blue-suiters who have had the oppor- 
tunity (!) to be invited to try to work out solu- 
tions to problems with the staff at macv in Sai- 
gon know what Just is talking about: Eight or 
ten officers sitting around a table, two of them 
blue-suiters, the rest Army. The army colonel in 
charge begins by stating “what the General 
wants.” (Colonels never want anything, one 
learns; it’s always “the General,” any general.) 
The blue-suiters, advisers to the Vietnamese 
Air Force (vnaF), are informed that the vNnaF 
needs an additional CH-47 (Chinook helicopter) 
squadron. Reasons, not readily apparent to the 
Air Force types, are hard to come by. One 
probes, one questions, one receives steely-eyed 
glares—until it finally surfaces that there is an 
Army manual that posits a ratio between ma- 
neuver battalions and medium-lift helicopter 
units. Since the Army of Vietnam (arvn) has X 
maneuver battalions, the vnaF must have Y 
squadrons. The heretical question, “Is this 
based on U.S. or Vietnamese experience and 
doctrine?” brings uncomprehending _ stares. 
Pointing out the inability of the vnar, in less 
than two years, to train the required mainte- 
nance types is put down as_ negative 
thinking—even though the squadrons already 
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formed required skimming the cream off the 
entire active UH-1H (Huey) fleet. The meeting 
breaks up with instructions to write a plan: a 
sign of progress; a challenge to the doubters to 
put their negative thinking in writing. 

The same conference room a few weeks later 
(or earlier). The question: “How can we speed 
up the Vietnamization program?” The Army 
answer: give them more, bigger, and better 
equipment (like 155s, Long Toms, in place of 
105s already on hand, no matter whether the 
barrels wear out faster or the 105s, with crews, 
can be lifted by CH-47s and the 155s absolutely 
cannot). Questions about whether new and big- 
ger equipment might in fact complicate prob- 
lems and thus draw out the time required for 
the arvn to become self-sufficient are summa- 
rily dismissed. Only after the meeting does one 
hear, surreptitiously in a hallway, an Infantry 
officer mumbling about 155s for close support 
being “about as useful as Sheridan tanks in a 
rice paddy.” A few experiences like these leave 
one sympathetic to Just’s claims that the Army 
looked on Vietnam as an engineering problem; 
that in Vietnam the operations were the 
strategy, there being no end point, no objective 
in the Clausewitzian sense; that, as a type, 
there is very little about the regular Army 
officer that is analytical. “We are interested in 
the doer,” Major General Koster had said, “not 
the thinker.” 

How many of Just’s generalizations—let alone 
which ones—are applicable to the Air Force as 
well as the Army is a question one would be 
advised to ponder well before answering. When 
Just, in his chapter “Futures,” traces doctrinal 
developments applicable to the so-called auto- 
mated battlefield (“the final depersonalization 
of warfare”), he tracks ground very close to 
that later discussed in the Cornell Air War 
Study Group’s Air War in Indochina. For all 
his implied criticism, however, Just is on the 
whole both fair and sympathetic, seeing a Sam 
Damon for every Courtney Massengale.’® 

“Fair and sympathetic” is almost the last 
thing one would say about The Death of the 
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Army: A Pre-Mortem, by Lieutenant Colonel 
Edward L. King, usa (Retired). King, whose 
book came out following much ballyhoo and 
several previews,'® comes on like the Prophet 
Armed. Courtney Massengale, he seems to say, 
is the Army, and the American people are the 
losers. King, who retired from the Army rather 
than serve a tour in Vietnam, states his purpose 
as being “an attempt to trace how the Army 
arrived at its present point of virtual disintegra- 
tion, to examine the causes of some of its past 
mistakes, the price of those failures, and what 
the future may hold in store.” In essence, he 
believes that “the sickness . . . consuming the 
Army is the result of years of false leadership 
and parochial self-interest.” 

The book opens with a dismal chapter treat- 
ing King’s experiences at Hill 582 near Kum- 
wha, Korea, in 1951. There, a lieutenant colo- 
nel (King names names throughout), a staff 
officer in World War II, now in his first combat 
command, sacrificed men needlessly, driven by 
the desire to be promoted and the felt need to 
appear aggressive to his superiors. This chapter 
sets the tone for most of what follows. In “Why 
I decided to stop making it in the Army” and 
“The fight to leave,” King relates with both 
anguish and self-pity the official harassment 
he was put through when he finally decided to 
opt for retirement rather than Vietnam. This 
morbid tale, set in early 1969, reminds the Air 
Force reader of certain similar incidents in his 
own service when the traditional wisdom 
had not yet come to the realization that the 
way to treat “malingerers” is simply to let them 
leave the service and forget about them. (The 
traditional wisdom, as explained to me at the 
time by a senior Staff Judge Advocate in Wash- 
ington, was “Don’t let the bastards get away 
with it. Let one guy get away with it and we'll 
have a mass exodus.” That theory is not only 
unsound but shows a lack of confidence slan- 
dering the great majority of men in uniform.) 


King gets down to cases in chapter 4 when 
he attempts to answer “What has happened to 
the Army?” Vietnam he sees as a catalyst 
rather than a cause to present discontents, 
The real breakdown, he writes, began in 1955 
or 1956 as the Ridgways, McAuliffes, and Gav- 
ins gave way to the new technocrats from the 
“Airborne Club” (for which read Taylor, Me- 
daris, Adams, Westmoreland, etc.), who, des- 
perately looking for a mission in the nuclear 
era, grasped at counterinsurgency and limited, 
brush-fire war, “the vehicle by which the United 
States was taken into Vietnam.” And there every- 
thing went wrong, in King’s accounting at any 
rate. How, he asks, did the Army let an errone- 
ous doctrine, false pride, and parochial ambition 
lead it to failure in Vietnam? 

The answer he offers runs the gamut from 
the failure of leadership, through racial bitter- 
ness, selfishness at the top (in the Army, he as- 
serts, loyalty is a one-way street), a caste sys- 
tem, a principle of elitest control hy West 
Point graduates, disorganization, favoritism and 
neglect, enthusiasm for corporate growth, to 
lockstep training and sterile education (chap- 
ters 5, 6, 7, and 8). Few targets are missed, 
virtually every major unit of the Army, whether 
in the U.S., Europe, Korea, or Vietnam, taking 
its turn on the chopping block. What makes the 
book potentially misleading is that, while being 
so often right, he sometimes is wrong. His dia- 
tribes on the incongruities of NaTo strategy or 
the role of the Army in Korea make good sense, 
but he is unfair when he implies that these are 
the fault solely of the Army. His discussion of 
racial problems in the Army would almost make 
one think that the Army invented the problems.’” 

In the end, betraying his inability to see the 
Army in historical perspective and his apparent 
absolutely confirmed opinion that no good can 
come from within the Army itself, King de- 
clares that only public pressure can bring about 
reform. As a guideline, he offers a 22-point 





¢ Edward L. King, The Death of the Army: A Pre-Mortem (New York: 
Saturday Review Press, 1972, $6.95), xi and 246 pages. 
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blueprint for reform and calls on the nation to 
rise to the challenge if it is to have an Army 
capable of defending the United States. 

For all its faults, this is a valuable book if 
only because it asks so many of the right ques- 
tions. What King apparently couldn’t foresee 
was that the Army itself, not the public, 
would—whether admitting it or not—pay some 
attention to his blueprint for reform. The re- 
cent dismemberment of conarc, the forced re- 
tirement of some 25 general officers, the selec- 
tion of General Haig to become Vice Chief of 
Staff, the reform of the promotion system, and 
the 1 January 1973 revision of the Army’s OER 
system are all cases in point.’® Reform, from 
within, is in the air. Indeed, if the Army could 
speak with one voice, it might respond by quot- 
ing Mark Twain, who was in London in 1897 
when he read his obituary in an Associated Press 
release picked up by English newspapers: “Re- 
ports of my death,” he cabled the Associated 
Press in New York, “are greatly exaggerated.” 

The Army brass can hardly be blamed for 
not being sorry to have lost Lieutenant Colonel 
King, but if they feel the same way about the 
loss of Major Josiah Bunting it’s probably fair 
to say that they haven't yet thought their prob- 
lems through. Bunting, Virginia Military Insti- 
tute honor graduate and First Captain, multi- 
ple athlete, Rhodes Scholar, Vietnam veteran, 
and Assistant Professor of History at West Point, 
resigned from the Army shortly after publishing 
The Lionheads,t since placed by Time Magazine 
at the top of its list of the best novels for 1972.'® 
Now a civilian professor of military history at the 
Naval War College, Newport, Rhode Island, 
Bunting left the Army because he had lost 
faith in “the system,” most particularly in the 
ability of any young officer to make changes from 
within the Army.” 

Bunting’s novel is set in the Delta in the 
months following the 1968 Tet offensive. The 
principal protagonists are Major General 
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George Simpson Lemming, commanding the 
12th (Lionhead) Infantry Division, and Colonel 
“Shuffling George” Robertson, commanding the 
riverine brigade of the division. The principal 
characters are few, the plot line simple (but all 
the more pointed for that), and the characteri- 
zation superb. The crunch comes when General 
Lemming, worrying about the low body count 
totals amassed by Robertson’s brigade, proposes 
a combined heliborne-riverine assault to trap a 
Viet Cong battalion. At the last moment Gen- 
eral Lemming cancels the heliborne assault 
force, required by the basic plan to pin down 
the vc battalion while the lumbering riverine 
force moves into position. Why? Well, the Sec- 
retary of the Navy is scheduled to visit the divi- 
sion area, and what better way to impress him 
than by a successful operation conducted by a 
“pure riverine” force? The attack goes off, the 
riverine force is ambushed, 16 men are killed 
and 70-odd wounded, but the operation can 
still be labeled a success because the “VC KIA 
by BC” total is 158. 

But not so in the minds of Captain Knapp 
and Major Claiborn, Colonel Robertson’s plans 
and operations officers. Knapp writes up an af- 
ter-action report that assesses the operation as 
only a qualificd success. “The provision of heli- 
copters, which would have enabled the brigade 
to proceed according to plan, would have min- 
imized friendly casualties and enemy exfiltra- 
tion.” Claiborn and Knapp piesent the report to 
Colonel Robertson, who knows that it’s all over 
for him if he signs it but that, given the excep- 
tionally large enemy body count, his stock will 
rise automatically with General Lemming if he 
keeps his mouth shut and destroys the report. 
Robertson ponders the irony that the Secretary 
of the Navy never did show up after all (he was 
diverted up towards Da Nang to decorate some 
Marines), signs the report, and is relieved from 
command. 

In the end, General Lemming gets his third 





t Josiah Bunting, The Lionheads (New York: George Braziller, 1972, 
$5.95), ix and 213 pages. (Also available in paperback, Popular Library, 


$.95.) 
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star, Colonel Robertson retires, Major Claiborn 
(against the dire warnings of Infantry Branch) 
turns down an assignment to Carlisle Barracks 
in favor of a tour as deputy professor of mili- 
tary science at a college in Montana, and Cap- 
tain Knapp leaves the service. Private Paul 
Compella, among those killed in the abortive 
assault, has the new gymnasium named for him 
at Torrington High School in Connecticut. “In 
war,” Bunting writes, “those who understand 
the least are the ones who get killed.” 

The themes are familiar by now: integrity vs. 
ambition, professionalism vs. careerism, feeling 
vs. callousness, Sam Damon vs. Courtney Mas- 
sengale. But it would be unfair to Bunting to 
suggest that he deals in stereotypes. Lemming 
(an inspired choice of name!) is far more com- 
plicated than Massengale and immensely more 
talented as a tactician; and Robertson would 
have puzzled Sam Damon, especially if Damon 
had seen him reading Anthony Trollope while 
flying point-to-point in a slick. “What is par- 
ticularly galling,” wrote Lieutenant Colonel 
Harry G. Summers, Jr., usa, “is that the army is 
better than this, yet there is enough truth in 
Bunting’s assessment to make the charges 
hurt.” 

We temporize and apologize for those who violate 

our standards rather than rising up in outrage and 

indignation and casting them out with the scorn 
and opprobrium they deserve. .. . The Army can, 
and should, . . . ensure, for we lesser mortals, that 
integrity, character, moral convictions, tenacit 
and fighting ability pay. As Major Bunting’s bouk 
makes painfully clear, some no longer believe that 
they do.”! 


Like Just’s Military Men, Bunting’s Lion- 
heads is must reading for serving officers. It 
remains to be seen whether Bunting’s forth- 
coming nonfiction book, centering on bureau- 
cratic sycophancy in the Army, attracts atten- 
tion on the same level as The Lionheads. One 
thing is certain, however: Bunting will be 


heard from again, hopefully as well as in The 
Lionheads. 

As I write this, the list of books and articles 
attacking military professionalism, from one 
angle or another, seems to go on unendingly. 
In September there was Robert Boyle’s Flower 
of the Dragon: The Breakdown of the U.S. 
Army in Vietnam, of which Noam Chomsky has 
written: “Boyle succeeds, as no one else has, in 
giving the grunt’s-eye view of a dirty colonial 
war. He shows how the Army collapsed under 
the weight of the ugliness of its tasks.”?? In 
December, Saturday Review of the Suciety 
devoted almost the entire issue to “the conse- 
quences of the war.” Among the 12 articles was 
Seymour Hersh’s “The Decline and Near Fall of 
the U.S. Army.” Hersh, whose earlier book, 
Cover-up,”* revealed the story of the Army’s 
inquiry into events surrounding My Lai, writes 
that the Army was saved from “out and out 
ruin” only by the presidentia! decision to pull 
it out of Vietnam. And in January 1973 came 
Lieutenant Colonel Anthony B. Herbert's Sol- 
dier, which takes as its theme that “the whole 
damned U.S. Army in Vietnam was crazy.”™4 


Tax MOST COMMON weakness shared 
by these books (Just and Bunting excepted) is 
their failure to introduce any sense of historical 
perspective. Everything bad is made to appear 
as though happening for the first time. This is 
demonstrably false and very misleading for the 
public whom the authors presumably seek to 
“inform.” One can range the history of warfare 
all the way from the retreat of the Athenians 
from Syracuse, through the Battle of the Somme, 
to Operation Smack in Korea, and in the process 
he will find the prototype for every hero and ev- 
ery villain. If so, then why all the fuss? 

Two possible reasons are offered by Charles 
Ackley, a retired Navy chaplain, in The Modern 
Military in American Society.t “I am con- 





+ Charles Walton Ackley, The Modern Military in American Society 
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vinced,” he writes, “that the problem of mili- 
tary pov er, especially in America, cannot be 
comprehended in less than moral terms.” More- 
over, what has happened in Vietnam “is troubling 
because it happened coincidentally with the 
military’s coming of age as a dominating institu- 
tion in America.” If Ackley is right on either 
count, we might well share his concern to find 
out more than is now readily available about 
the thinking of military men themselves, their 
patterns of thought, the scale of their values. 
Ackley’s opening chapters trace the history 
of American ambivalence toward the military; 
the account, though brief, is generally valid. 
Then come five chapters that serve to tell us, 
systematically, rather a lot about the way the 
officer corps of the various services think and 
write. The chapter titles are suggestive: the 
priority of reason, the risk of the irrational, the 
fascination for the concrete, the tendency to 
structure, the tendency to excess. Within each 
chapter one finds a brief historical treatment of 
the topic followed by separate analyses of how 
Army, Navy, and Air Force writers have ap- 
proached the topic since World War II. 
Ackley’s picture of the Air Force is one of a 
service preoccupied with “image” and “profes- 
sionalism,” the latter defined largely as exper- 
tise in the handling of sophisticated weapons 
(not situations, not people, not problems—but 
weapons). Lacking the long and sobering tradi- 
tions of the Army and Navy, Air Force writings 


. seem almost blithe by comparison with the 


somber tone of the older services. They are less 
foreboding about the nature of man and his 
inventions and almost eager at times to get on 
with the show. 


Imbued with an idea that has indeed revolution- 
ized the world, but fragmented into crews and in- 
dividuals serving the marvel of a machine which 
rarely allows for the meeting of persons except on 
its own terms, it is perhaps not to be wondered 
at that Air Force personne! have given less thought 
to the constructive use of power except as pure 
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deterrence. . . . One is left with the deep suspicion 

that the belated, sudden surge of interest in civic 

action in the Air Force is on the part of many, 
and especially the hierarchy, a grasping at any 
straw for victory." 

Ackley worries some about each service, but 
it is clear that the Air Force—enamored of 
technology, less instructed by calamity than the 
other services, fascinated with the concrete 
(“the most ancient and persistent of idolatries 
and dead ends”)—worries him most. Ackley 
ends his book with a plea for finding ways to 
“humanize” the modern military. He doesn’t 
take up the so-called “electronic battlefield” 
specifically, but he hardly needs to, after re- 
minding us that “in the age of power the grav- 
est temptations for its misuse lie precisely with 
those who are called to manage its most ultimate 
expressions,” too many of whom seem trapped 
by a “pathetically shortsighted, if not blind, re- 
fusal to look beyond the technology of weaponry 
and war to the utterly crucial problem of what 
values can survive their development and 
use.”8 Tronically, the proof of Ackley’s pud- 
ding is that most officers will consider him “too 
philosophical,” a criticism that may say more 
about them than about the author. 

Officers who find Ackley too much the phi- 
losopher (or too much the chaplain!) may feel 
themselves more comfortable with Colonel 
Donald F. Bletz, usa (Ret), who raises many 
similar questions in a more traditional, military, 
pragmatic way.t Colonel Bletz’s concern is with 
“military professionalism and the politico-mili- 
tary equation in the United States,” a much more 
accurate description of his book than the title it 
bears. 

Bletz sees the military input to foreign policy 
as traditional and legitimate but now under fire 
and inevitably headed into a period of decline. 
He traces the history of military professional- 
ism in this country and devotes considerable 
space to institutional and educational determi- 
nants affecting the military officer's perception 





t Donald F. Bletz, The Role of the Military Professional in U.S. Foreign 
Policy (New York: Praeger, 1972, $16.50), xiv and 320 pages. 





ee a en 
ate een ame RSIS A ~ peter 


102 AIR UNIVERSITY REVIEW 


of foreign policy. On the way, he poses some 
hard questions: Can a military professional al- 
low himself to be caught up in the ideological 
fervor with which a democratic society takes 
on a military venture, such as Vietnam? (No, 
because he loses his objectivity and hence his 
professionalism.) When his advice is sought on 
the use of force, has the professional the right 
to question whether the relevant political con- 
siderations have been given adequate weight? 
(Yes, and his duty is to recommend the nonuse 
of force when he thinks that appropriate.) 

Vietnam is very much on Bletz’s mind, lead- 
ing to two interesting suggestions: (1) that the 
time has come to adopt “There is no substitute 
for a clearly enunciated national objective” to 
replace a more famous phrase; and (2) that we 
must come to recognize and define “profession- 
alism” on at least two different levels: the tech- 
nical level, which emphasizes military tech- 
nology; and the politico-military level, which 
may require training and orientation altogether 
different from that of the first level. In blunt 
terms, he is asking whether success as a combat 
commander at brigade or wing level—the route 
to star and flag rank—qualifies a man for the 
kinds of decisions and leadership he will later 
be called upon to exercise. 

Colonel Bletz, calling on almost thirty years 
of experience from private soldier to colonel, 
calls in question many of our assumptions and 
personnel practices. And he doesn’t fail to 
point out that many young officers are very 
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much concerned indeed when they look back 
at United States policy since World War II and 
see Don Quixote at work rather than Sir Lance- 
lot. The profession of arms in this country, he 
concludes, needs to take a hard look at itself, 
and time is running out. Near the end of his 
book, Colonel Bletz summarizes the problem 
now facing all of us: 


Someday and somehow the war in Vietnam will 
come to an end. Regardless of how this comes 
about the American military professional can ex- 
pect to receive little of the credit for whatever 
positive results may come from it. The profession 
can, on the other hand, expect to be the recipient 
of most of the blame when the post-Vietnam finger 
pointing starts in earnest, if in fact it has not al- 
ready started. This blame will be directed from 
the political left and right for quite different rea- 
sons, but it will come and it will tend to weaken 
rather than strengthen the American military 
profession.”° 


Another way of looking at it may simply be 
to wonder whether it is not an appropriate 
time to reshuffle the deck on “military profes- 
sionalism.” Of what is it now composed? How 
should it be defined for the future? Our critics 
will always be with us. Maybe the time has 
come to show them by our example that we 
can, on our own, ferret out the crucial ques- 
tions, struggle with them, suggest meaningful 
answers. 

Where else can that be done more effectively 
for the Air Force than in the pages of this 
journal? 
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self-seeking altruism, that under the guise of protecting the public it advances 


Sir John came to the Academy to update his views on those aspects of the 
profession that are of special relevance to “Today and Tomorrow.” See his The 
Military in the Service of the State (The Harmon Memorial Lectures in Military 
History, nr 13, USAFA), available on request. 

7. “The Military Profession as a Competitive Envir ” Air University 
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A VIEW OVER THE NEXT HILL 


WituiaM H. GREENHALGH, JR. 


HE WISH of every military leader for a 
view over the next hill is as old as mili- 
tary operations. A knowledge of what the op- 
ponent is doing, and where, is and always has 
been essential to military success. The com- 


mander with the highest hill or the best view of 
the battlefield has almost always been in the 
most advantageous position to outmaneuver his 
opponent. Forced by nature to travel slowly 
across the rough face of the earth, man could 
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hardly be blamed for yearning to soar aloft 
with the birds, to swoop freely over that next 
hill and see vistas denied to earthbound man. 
The freedom of flight, the ease of soaring 
swiftly and unhindered over every obstacle, 
seemed to promise the ultimate relief from his 
restricted movements. Ancient mythology con- 
tains tales of man’s desire to emulate the birds 
and his pitiful efforts toward that end, but it 
was the late eighteenth century before he 
finally discovered that a paper or silk bag, filled 
from a source of heat, could lift him a short 
distance into the boundless sky. Man had finally 
achieved limited flight, but it was to be more 
than another century before he developed the 
airplane and with it the ability to soar like the 
birds: the power to direct his airborne vehicle 
wherever he chose to go, no longer at the 
mercy of the winds. 

It was quite natural that one of the first uses 
for man’s newfound ability to soar aloft was 
military observation. The balloon provided, in 
effect, an easily movable hill, an observation 
point whose height and position could be 
rather quickly adjusted to particular field situa- 
tions. Unfortunately, human eyes could see just 
so much, and human memory could retain only 
a portion of what was seen by the eyes, which 
placed certain limitations on the use of the bal- 
loon, and later the airplane, for aerial observa- 
tion. There was a need for some way to record 
the scene, instantaneously and permanently, 
from the high observation point so it could be 
studied later at leisure and in detail. 

It was fortuitous that, while some men were 
developing the balloon and the airplane, others 
were working to devise methods of perma- 
nently fixing the image obtained by the ancient 
camera obscura, thus developing the process of 
photography and inventing the equipment and 
material needed to make the process practical. 
The balloon was used to provide a high obser- 


vation point for early cameras, but the rela- 
tively primitive nature of both and the inherent 
instability of the balloon precluded acceptable 
results. It was only after the airplane and the 
camera had both achieved considerable techni- 
cal advances that aerial photography began to 
come of age. 

Aerial reconnaissance, its birth and growth, 
has received far less attention from researchers 
and writers than the more glamorous fighter 
and bomber aviation, although the number of 
works on reconnaissance is increasing. Most, 
however, treat only small portions of the recon- 
naissance spectrum or concern only a particular 
time period or individual. When a new book 
with the sweeping title Aerial Photography 
comes along, it arouses expectancy and interest, 
as well as a hope that someone has finally told 
the whole story. Author Grover Heiman, a re- 
tired Air Force colonel and a reconnaissance 
specialist, is apparently well qualified for the 
task. 

The almcst parallel development of aerial 
vehicles and the camera provides many inter- 
esting accounts of man’s striving toward tech- 
nological growth. Napoleon’s instinctive eval- 
uation of the balloon as an asset in the control 
of artillery fire and in visual reconnaissance 
certainly is not unexpected in a man of his in- 
tellect. Probably the first to establish an air 
force, he successfully exploited the new mov- 
able observation post in several battles in Eu- 
vope and took a balloon force to Egypt in that 
successful campaign in 1798. Other Frenchmen, 
notably Niepce and Daguerre, took the lead in 
fixing photographic images, giving France an 
obvious lead in the development of the camera 
and its application for military purposes. Eng- 
land and Germany were not far behind in 
either field, while the Americans used both bal- 
loons and the camera in the Civil War. 

Finally, the development of the airplane 





+ Grover Heiman, Aerial Photography: The Story of Aerial Mapping 
and Reconnaissance (New York: The Macmillan Company, 1972, $5.95), 


180 pages. 
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provided the controlled flight needed for suc- 
cessful aerial reconnaissance and the stable 
platform so necessary to the use of cameras. 
The balloon squadrons of the American Expedi- 
tionary Force in France during World War I 
wrote the final page to the use of gas bags for 
aerial observation, although there was some 
continuing development of _lighter-than-air 
craft for reconnaissance and other purposes. It 
was the early flying machine, though, that 
sparked the imagination of man as an aerial 
scout, a fast and versatile replacement for the 
traditional cavalry patrols. When the U.S. Ist 
Aero Squadron chased Pancho Villa along the 
Mexican border in 1916, it really didn’t further 
the cause of reconnaissance to any great de- 
gree, primarily because of the obsolete aircraft 
flown by the intrepid pilots, but it did renew 
interest in the potential of the airplane as a 
scout for conventional ground forces. British 
and French airmen used cameras in their scout 
and observation aircraft early in World War I, 
adding a new and dependable rhethod of collect- 
ing intelligence. 

U.S. Army officers apparently were not at 
first impressed with aerial photography, but as 
the Air Service moved reconnaissance squad- 
rons to France they were able to see at first 
hand the amount of intelligence discernible on 
a single aerial photograph, and their attitude 
changed. The first aerial cameras were oper- 
ated by hardy observers from the open cockpits 
of such aircraft as the DH-4, Salmson, and 
Caudron, bringing back from each sortie a few 
plates containing intelligence that could have 
been procured in no other way. 

When rapid advances in camera design pro- 
duced heavier and more complicated equip- 
ment, it became necessary to fasten the cam- 
eras to the fuselage in some manner to produce 
either vertical or oblique photographs. Back in 
the United States, engineers of the U.S. Army 
Signal Corps Science and Research Division 
were instructed to design appropriate means of 
mounting aerial cameras internally, first in the 
Curtiss JN-4 “Jenny” and the Bristol Fighter, 
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later in every type of tactical aircraft then in 
the inventory. Aware that such modifications 
generally produced less than optimum results, 
the engineers designed a special photographic 
aircraft, using readily available DH-4 compo- 
nents and a highly modified fuselage with a 
camera bay between the pilot and the photog- 
rapher. The resultant DH-4P1, two of which 
were built, proved to be excessively tail-heavy, 
but it was possibly the first true photographic 
aircraft built for the Air Service. The end of 
the war and the predictable reduction in funds 
for the military brought the development of 
reconnaissance equipment almost to a stand- 
still, and it wasn’t until the mid-twenties that 
the Army Air Corps began extensive aerial 
mapping with another modification of the 
DH-4, the DH-4M2. Progress between the wars 
was painfully slow. 

It is unfortunate, however, that eiman has 
given the strong impression that oniy one indi- 
vidual was responsible for all developmental 
work on aerial cameras and military reconnais- 
sance in the interwar period. Brigadier General 
George W. Goddard certainly deserves great 
credit for his truly outstanding contributions to 
reconnaissance, but he was not alone. Albert 
W. Stevens, for example, a contemporary Army 
Air Corps officer who is barely mentioned by 
Heiman, pioneered many photographic pro- 
cesses and tested much of the camera equip- 
ment with which the Army Air Corps entered 
World War Il. He rode balloons to new alti- 
tude records to test camera equipment at 
heights never before reached. Many others also 
contributed significantly to the growth of Air 
Corps reconnaissance, so it is regrettable that 
Heiman used General Goddard’s Overview as 
the basis for so much of his book. While there 
is certainly no intention to detract in any way 
from the General’s great achievements, he 
would probably be the first to acknowledge 
that he was not alone. 

The outbreak of World War II found the re- 
connaissance forces of most nations obsolete and 
impoverished. Camera development had con- 
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tinued but slowly, principally for mapping 
purposes. The Army Air Corps had a few slow 
observation aircraft, designed primarily for ar- 
tillery spotting and visual reconnaissance in 
support of ground units; but they were certain 
to fall victim to even the most obsolete enemy 
pursuit planes. The logical step was to modify 
either civilian aircraft or other types of military 
aircraft for reconnaissance, again a less than 
satisfactory solution. In 1940, for instance, the 
cHQ Air Force had one photo squadron with six 
flights scattered throughout the United States, 
each flight equipped with a single F-2A, a 
modified civilian Beechcraft twin-engine trans- 
port, and a few reconnaissance squadrons 
equipped largely with obsolete B-18 bombers. 
The B-17 had been first conceived as a 
long-range reconnaissance aircraft, but its pri- 
mary role as a bomber soon caused its original 
role to be abandoned. The twin-boom P-38 
Lightning became the F-4 and F-5 reconnais- 
sance aircraft when cameras replaced its guns, 
and they earned a reputation as the reconnais- 
sance workhorse in almost every theater during 
World War II. At one time or another practi- 
cally every type of tactical aircraft was 
modified to carry one or more cameras. 

It is again interesting that the author, a re- 
connaissance specialist, has fixed on the strip 
camera as one of the more outstanding aerial 
cameras of World War II. For certain limited 
purposes, such as beach coverage, the strip 
camera was probably the best tool, but it had 
definite limitations. In its single lens configura- 
tion it provided no stereo vision and thus no 
simple way to measure or even estimate heights; 
and when two lenses were mounted to provide 
stereo vision, lateral coverage was cut in half. 
It was popular for a time during World War II 
for special missions but was little used in Korea 
and rejected for use in Southeast Asia. Although 
some of its features have been incorporated into 
later cameras, it certainly was not the outstand- 
ing camera in use at any time. 

After World War II, reconnaissance was 
again relegated to a rather subordinate posi- 


tion. Two efforts at developing special recon- 
naissance aircraft—the Hughes XF-11 and the 
Republic XF-12 Rainbow—failed to produce 
the desired results, so modification of existing 
aircraft continued to be the accepted course of 
action. The postwar mapping program in the 
Pacific used B-24s, B-17s, F-13s, F-6s, and even 
the old F-2s for aerial photography of vast 
areas of the earth’s surface, but a true tactical 
reconnaissance aircraft was still only the dream 
of a few. Even the slow P-61 Black Widow was 
modified into a highly unsatisfactory F-15 re- 
connaissance aircraft. The P-80 jet fighter be- 
came the RF-80 with some success, but with 
the outbreak of hostilities in Korea it was se- 
verely outclassed by enemy jet fighters. Even 
such hopefuls as the RB-45 could not survive in 
Korea except under the most ideal conditions, 
but a modification of the F-86, referred to as 
the “Honey Bucket” and several other 
unflattering names, carried out much of the 
reconnaissance over northern Korea and along 
the China border. Newer jet fighters were care- 
fully evaluated for their reconnaissance poten- 
tial until the F-101, a somewhat mediocre in- 
terceptor, became the RF-101, workhorse of 
the reconnaissance force. With the highly spe- 
cialized and little publicized U-2, it kept tabs 
on the missile situation in Cuba during the 
crisis in the early sixties and was among the 
first aircraft to reconnoiter hostile positions in 
Southeast Asia. 

Heiman’s coverage of the role of reconnais- 
sance in the Cuban crisis is well done, provid- 
ing a brief description of the equipment and 
techniques used, but he has only superficially 
covered reconnaissance in Southeast Asia. His 
description of many of the newer cameras used, 
however, is excellent, as is his discussion of the 
role and capabilities of the SR-71, Strategic Air 
Command's latest strategic reconnaissance air- 
craft. It’s possible that the Southeast Asia 
conflict is too recent for good coverage, the 
security classification of many essential docu- 
ments remaining too high for access to the 
facts. However, there is sufficient unclassified 
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information available to put together a fairly 
comprehensive description of how reconnais- 
sance cameras and sensors developed and con- 
tributed to the overall operation. The war vir- 
tually consumed the limited numbers of the 
RF-101, wearing out those that were not lost 
to hostile action. Its replacement, the RF-4, 
was again a modified F-4 fighter aircraft but a 
highly successful one. Flying in pairs during 
daylight and singly at night, the RF-10ls and 
RF-4s penetrated every area of North Vietnam 
despite the rapid growth of hostile antiaircraft 
guns, sam sites, and mic squadrons. The war in 
Southeast Asia also brought new tools for 
reconnaissance—infrared and radar sensors, 
television, the laser—and new vehicles such as 
the SR-71 and the unmanned reconnaissance 
drones. Assisting the RF-10ls and RF-4s were 
numbers of older types, including RT-28s, 
RB-26s, RB-66s, RB-57s, and even RC-47s. 

In a final chapter Heiman discusses satellite 
reconnaissance, an area often hinted at but sel- 
dom discussed. The secrecy surrounding mili- 
tary satellite reconnaissance has prevented 


THE URBAN GUERRILLA 
AMERICA 


Dr. Cuarues A. RusseELL 
Major Rosert E. HitpNER 


N October 1967 Ernesto “Che” Guevara, a 
renowned strategist and tactician in the 
field of guerrilla warfare, was killed while lead- 
ing a band of would-be revolutionaries in Boliv- 
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adequate discussion of the cameras and vehicles 
used and the results achieved, but the author 
has assembled the available data into a chapter 
that finally describes United States and Soviet 
efforts to use space for reconnaissance of the 
earth. 

This book, part of Macmillan’s Air Force 
Academy Series, is interesting and pleasani 
reading, recommended fer the younger reader 
in particular. It is most unfortunate, however, 
that the author, in borrowing from such other 
works as Overview, has sometimes misquoted 
and changed the meaning of the material. Cer- 
tainly, if he had not wanted to use another au- 
thor’s words, he should have avoided direct 
quotation, but once having decided to do so, he 
should have quoted accurately. Such careless 
use of printed sources can only open the work 
to suspicion and criticism, even though such a 
censorious approach might not be entirely war- 
ranted. It is an easy book to read, better en- 
joyed on a second reading. It does a generally 
commendable job of telling about the view 
over the next hill. 


Maxwell Air Force Base, Alabama 


IN LATIN 


ia. Guevara’s death at the hands of the Boliv- 
ian armed forces marked not only the death of 
a hero of the “Revolutionary Left” but also the 
end of rural-based guerrilla warfare as an 
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effective instrument of change in Latin Ameri- 
ca. Che learned too late that if revolutionary 
war is to alter the political face of Latin Ameri- 
ca, it will have to be waged in the cities, not 
in the countryside. 

Since October 1967 the shift of guerrilla war- 
fare in Latin America from a rural to an urban 
focus has been pronounced. A number of rea- 
sons account for this movement to the cities. 
The first is a steadily diminishing rural popula- 
tion, resulting from accelerating urbanization. 
Drawn by the prospects of better employment, 
improved living conditions, and greater oppor- 
tunities for themselves and their families, more 
and more of Latin America’s peasants are mov- 
ing to the cities. The net result is a situation 
wherein more than 50 percent of Latin Ameri- 
ca’s population is urban, at least fifteen cities 
having more than one million inhabitants. Be- 
cause of this trend toward urbanization, the 
countryside, in most cases, is too underpopu- 
lated to support a rural-based insurgent move- 
ment. 

Coupled with the increasing urbanization is 
a concentration of radical students and young 
intellectuals in most metropolitan areas. Prod- 
ucts of an educational system still strongly 
influenced by Marxist political and economic 
theories, they are quick to embrace terrorism 
and violent revolution as a means of effecting 
political and social change. Consequently, they 
provide a substantial and readily available 
manpower source for guerrilla movements. 

In addition to urbanization and the conce- 
tration of radical student and intellectual ele- 
ments in metropolitan areas, another factor 
contributing to the shift to urban insurgency 
has been the rather conspicuous failure of rural 
insurgencies in countries such as Peru, Colom- 
bia, Guatemala, and Venezuela as well as the 
Guevara-led debacle in Bolivia. To those intent 
on overthrowing the existing political and so- 
cial order, Guevara’s untimely demise in the 


hills of Bolivia confirmed what many had begun 
to suspect: that waging guerrille warfare in the 
countryside often is equivalent to suicide. Not 
only is rural insurgency likely to end in disas- 
ter, it also ignores the very real advantages of 
waging urban guerrilla warfare. These advan- 
tages include a multiplicity of terrorist targets, 
such as government officials, diplomatic person- 
nel, prominent business firms, etc., which, if 
attacked, guarantee instant and widespread 
publicity for the guerrilla movement at home 
and abroad. Furthermore, the cities provide a 
readily available source of material and facili- 
ties such as food, medical care, transportation, 
and communications, all of which are essential 
for a viable insurgent movement. 

In the years since Guevara's death, there has 
been a proliferation of urban-based guerrilla 
and terrorist groups, not only in Latin America 
but throughout the world. Of all the existing 
urban guerrilla movements, however, few have 
achieved the notoriety or significance of Uru- 
guay’s Tupamaros. They have become perhaps 
the most effective such movement in all Latin 
America and are emulated in many respects by 
similar groups elsewhere. In an attempt to ex- 
plain the objectives, strategy, and significance 
of what many regard as the archetype of the 
modern urban guerrilla movement, Maria Esther 
Gilio, an Argentine journalist, has written a 
book, The Tupamaro Guerrillas. + 

Of all the countries in Latin America where 
one might expect an insurgent movement of any 
type to take root, Uruguay might weli be the 
last chosen, at least at first glance. Possessing a 
generally tolerant and relatively homogeneous 
population, Uruguay has had a remarkably 
stable and democratic political system. Trans- 
fers of power have usually been peaceful and 
elections orderly as far back as most Uruguayans 
can remember. With a life expectancy exceeding 
that of any other Latin American country, a 
social security system of such proportions as to 





+ Maria Esther Gilio, The Tupamaro Guerrillas, translated by Anne 
Edmondson (New York: Saturday Review Press, 1972, $6.95), 204 pages. 
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rival that of the most advanced industrial nations, 
and a standard of living higher than that found 
in most areas of the world, there appears to be 
little reason to suspect that Uruguay would be- 
come a battleground of revolutionary war. 
Nevertheless, even a superficial examination 
would reveal Uruguay to be a democracy in 
serious trouble. 

Uruguay’s most pressing problem is inflation. 
Prices have risen 600 percent during the period 
from 1958 to 1970. The cost of living increased 
about 49 percent in the first seven months of 
1972, and the peso was devalued six times in 
that same year. In addition to runaway inflation, 
Uruguay’s economy, which is based primarily 
on agriculture and animal husbandry, is stagnat- 
ing as a result of the country’s failure to keep 
pace with technological developments. Further 
straining of the economy is caused by a wel- 
fare system whose provisions are so generous as 
to outstrip the economy’s ability to support them. 
Uruguay also is experiencing serious demographic 
problems brought about by one of the lowest 
birth rates in Latin America, declining immigra- 
tion, and a high rate of emigration. As a result, 
there is a serious question as to the population’s 
ability to provide an adequate market, even if 
the economy were to industrialize. With ap- 
proximately 80 percent of the population living 
in cities and half the total concentrated in the 
capital city of Montevideo, Uruguay is one of 
the most urbanized societies in Latin America. 
It is against this backdrop, then, that the Tu- 
pamaros and Miss Gilio’s book must be viewed. 

The subtitle of the book, “The Structure and 
Strategy of the Urban Guerrilla Movement,” 
would lead one to believe it is an in-depth and 
reasonably analytical study of the urban guer- 
rilla movement in general and the Tupamaros of 
Uruguay in particular. Unfortunately this is not 
the case. What little treatment there is of these 
subjects is superficial at best and appears coin- 
cidental rather than intended. Were it not for 
the subtitle, perhaps Miss Gilio should not be 
criticized too strongly for this failure, since the 
extreme secrecy practiced by all guerrilla groups, 
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particularly urban ones, makes it extremely dif- 
ficult to obtain a reasonably clear picture of 
their structure. Strategy is similarly neglected in 
Miss Gilio’s book, there being little to indicate 
exactly what the Tupamaros hope to achieve 
in the way of ultimate goals. Like most urban 
guerrilla movements, the Tupamaros have been 
somewhat reticent about the precise aims and 
objectives of their campaign of urban terrorism, 
and no real ideology or theoretical basis for the 
movement has emerged. The Gilio book alsu is 
silent on this question, the answer to which 
would appear central to an understanding of 
the urban guerrilla phenomenon, at least as it 
exists in Uruguay. 

If, then, the book treats neither the structure 
nor the strategy of the urban guerrilla movement, 
as exemplified by the Tupamaros, one might 
properly ask just what its purpose and subject 
matter are. 

The book is a collection of interviews that 
were conducted by the author from 1965 until 
1970. They include interviews with representa- 
tives of various segments of the population, such 
as laborers, school children, skilled artisans, the 
aged and infirm, convicts, and, of curse, a num- 
ber of alleged Tupamaros. These interviews 
are intended to illustrate dramatically the cen- 
tral thesis of the book: that a regressive, insen- 
sitive, and repressive regime has driven ordinary 
men and women into terrorism and urban guer- 
rilla warfare as the only way of achieving polit- 
ical and social justice. In essence, then, the entire 
book is a thinly veiled apologia for the Tupamaros 
that carefully ignores their propensity for vio- 
lence and cold-blooded murder. Its total lack of 
objectivity is apparent, and its central thesis, 
while interesting, has iittle basis in fact. 


Tupamaro is the nickname for 
the Movement of National Liberation 
(mMLN-Movimiento de Liberacién Nacional) and 
is derived from Tupac Amaru, the leader of an 
unsuccessful Inca revolt against the Spanish in 
the late eighteenth century. Although the name 
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“Tupamaro” first appeared in 1985, when a 
protest against the Vietnam war was circulated 
in Montevideo following the bombing of the 
Bayer plant, the origins of the group go back to 
the late 1950s. It evolved not out of a desire for 
social justice or in response to the repressive 
policies « tre Uruguayan government, as Miss 
Gilio wou! have us believe, but as a result of 
an abortive attempt on the part of Raul Sendic, 
a former law student turned labor ozganizer, to 
change a rural, northern-based sugar workers’ 
union into a springboard to political power and 
influence. Failing in his attempt to establish a 
rural power base, Sendic and his supporters 
concluded that the road to power lay through 
urban armed struggle. Joining with other radi- 
cal elements, Sendic formed an underground 
revolutionary movement, which became the 
nucleus of the MLN. 

Since their inception, the Tupamaros have 
hoped to bring about civil war in Uruguay by 
capitalizing on the discontent generated by a 
stagnating economy and by encouraging a po- 
larization of political forces. To achieve this 
goal, they have initiated a systematic campaign 
of terrorism, kidnapping, and assassination de- 
signed to engender a feeling of anxiety and in- 
security in the populace and undermine faith 
and confidence in the government and its secur- 
ity forces. The “Robin Hood” aura surround- 
ing many of their activities masks a small group 
of determined terrorists intent on the destruc- 
tion of a democratic society—an aspect of the 
Tupamaros which this book studiously avoids. 

While it is certainly true that the Tupamaros 
have been both spectacular and successful, this 


Note 
For those who read Spanish and are é d in an objective and quite 
of Tupamaro strategy and tactics, we suggest Antonio Mer- 
cader and Jorge de Vera's : Estrategia y Accién (Montevideo: Edit~- 
rial Alfa, 1969). In contrast to Miss Gilio’s book, this text explores in detail the 
origins of the Tupamaro movement, its transition from a rural-based insurgent 
group to an urban terrorist force, its co.tacts with Cuban and other Latin 
American revolutionary. elements, and the differences in strategy between the 











success has not been attributable to widespread 
popular support and assistance, as Miss Gilio’s 
book implies. Rather, it has been due to the 
slowness of Uruguay to recognize the real na- 
ture of the threat posed by the Tupamaros and, 
until recently, the inability of its police and 
security forces to cope with that threat once it 
was recognized. The Tupamaros draw consider- 
able support from radical students and 
lower-level civil servants, who have felt the 
economic squeeze most; but such support is 
hardly widespread among the general popv- 
lace. Perhaps the clearest indication of this lack 
of support came in the November 1971 election 
in which a left-wing coalition, calling for 
significant social change and supported by the 
Tupamaros, only garnered slightly better than 
20 percent of the vote. In an election in which 
an estimated 90 percent of eligible voters parti- 
cipated, this is hardly indicative of an op- 
pressed people eagerly awaiting a Tupamaro- 
led revolution. 

The Tupamaro Guerrillas is a very shallow 
treatment of an extremely complex and impor- 
tant phenomenon. The significance and long- 
range impact of the Tupamaros extend far 
beyond the borders of Uruguay, for they illus- 
trate only too well that a small group of de- 
termined men, lacking both resources and 
widespread popular support, can threaten the 
very existence of a democratic society. As such 
it deserves a more serious and objective ap- 
proach than that afforded by Miss Gilio. 


Washington, D.C., and 
Montgomery, Alabama 


Tupamaros and Cuban revolutionary theorists and apologists (particularly Gue- 
vara and the French Marxist Regis Debray). The Mercader and de Vera text 
also contains a substantial amount of detailed information on overall tactics of 
the group, recruiting and training of personnel, and even data on government 
countering operations. For anyone interested in the Tupamaros and an under- 
standing of their objectives and strategy, the Mercader and de Vera book is a 
must. 
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